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WHAT IS CLAIMED IS: 



1. A biomateWial modified with at least one non- 
proteinaceous cataHst for the dismutation of superoxide 
or a precursor ligflnd^f a non-proteinaceous catalyst for 
the dismutation of Superoxide. 

2. Tne biomaterial of claim 1 wherein the non- 
proteinaceoL catalyst for the dismutation of superoxide 
is selectedVrom the group consisting of manganese (II) 
pentaaza complexes, manganese (III) pentaaza complexes, 
iron (II) pentaaza complexes, iron (III) pentaaza 
complexes, manganese (II) salen complexes, manganese 
(III) salen complexes, iron (II) salen complexes, 

iron (III) salen\ complexes, manganese (II) porphyrin 
complexes, manganese (III) porphyrin complexes, iron (II) 
porphyrin completes, and iron (III) porphyrin complexes. 

3 The biomaterial of claim 1 wherein the non- 
proteinaceous catalyst for the dismutation of superoxide 
is selected from trie group consisting of manganese and 
iron chelates of pentaazacyclopentadecane compounds , which 
are represented by the following formula: 

(Z)„ 
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wherein M i\» a cation of a transition metal, preferably 
manganese o* iron; wherein R, R' , Ri, RV R 2 , R, 2- R i> 
R S , R 4 , R' 4 ,W R's, R 6 , R 7 , R'7. r 8 , R's- R 9 , and R' 9 

independently represent hydrogen, or substituted or 
unsubstituted alkyl, alkenyl, alkynyl, cycloalkyl, 
cycloalkenyl, \cycloalkylalkyl, cycloalkyl cycloalkyl, 
cycloalkenylalkyl , alkylcycloalkyl , alkyl cycloalkenyl, 
alkenylcycloalkyl, alkenyl cycloalkenyl , heterocyclic, 
aryl and aralkil radicals; R x or R' t and R 2 or R' 2 , R 3 or 
R' 3 and R 4 or R'\, R 5 or R' s and R 6 or R' 6 , R 7 or R', and R 8 
or R' 8 , and R 9 oA R' 9 and R or R' together with the carbon 
atoms to which tkey are attached independently form a 
substituted or unWibstituted, saturated, partially 
saturated or unsaturated cyclic or heterocyclic having 3 
to 20 carbon atoms\ R or R' and R, or R' 1( R 2 or R' 2 and R 3 
or R' 3 , R 4 or R\ arid R 5 or R' 5 , R 6 or R' 6 and R 7 or R' 7 , and 
and R 9 or R' 9 together with the carbon atoms to 



R« or R 



K-8 VJ " 8 9 \ » 

which they are attached independently form a substituted 
or unsubstituted nitrogen containing heterocycle having 2 
to 20 carbon atoms, provided that when the nitrogen 
containing heterocycle is an aromatic heterocycle which 
does not contain a hydVogen attached to the nitrogen, the 
hydrogen attached to trie nitrogen as shown in the above 
formula, which nitrogenUs also in the macrocyclic ligand 
or complex, and the R grbups attached to the included 
carbon atoms of the mac recycle are absent; R and R' , R x 
and R' x , R 2 and R' 2 , R 3 andW'-,, R 4 and R\, R s and R' s , R 6 
and R' s , R 7 and R' 7 , R 8 and\R' 8 , and R 9 and R' 9 , together 
with the carbon atom to which they are attached 
independently form a saturated, partially saturated, or 
unsaturated cyclic or heterocyclic having 3 to 20 carbon 
atoms; and one of R, R' , R^V'i, R 2 , R, 2' R 3 ' R S' R «' R '*' 
R S , R' 5 , Rs, R ' 6/ R 7 » R',, Rs, R„ and R' 9 together with 

a different one of R, R' , Ri, Vi, R 2 , R 'a' R 3' R 'a' R «' 
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50 



hz4 

jers. 



40 R\, Rs. V's, R " R '" R ' 8 ' R " ^ R ' 9 WhiCh ±S 

attached Yo a different carbon atom in the macrocyclic 

ligand ma| be bound to form a strap represented by the 
formula 

- (CH 2 ) A-M- (CH 2 )„-L- (CH 2 ) Z -I- (CH 2 ) y - 

45 wherein w, x\ y and z independently are integers from 0 
to 10 and M, V. and J are independently selected from the 
p group consisting of alkyl, alkenyl, alkynyl, aryl, 

3 cycloalkyl, heteroaryl, alkaryl, alkheteroaryl , aza, 

%IA. amide, ammoniul oxa, thia, sulfonyl, sulfinyl, 

sulfonamide, phosphoryl, phosphinyl, phosphino, 
phosphonium, ketb, ester, alcohol, carbamate, urea, 
-J thiocarbonyl, borates, boranes, boraza, silyl, siloxy, 

silaza and combinations thereof; and combinations 
Ul thereof; \ 

and wherein X,\y and Z are independently selected 
from the group consisting of halide, oxo, aquo, hydroxo, 
alcohol, phenol, dioxVgen, peroxo, hydroperoxo, 
alkylperoxo, arylperoxo, ammonia, alkylamino, arylamino, 
heterocycloalkyl amino) heterocycloaryl amino, amine 
60 oxides, hydrazine, alkyl hydrazine, aryl hydrazine, 

nitric oxide, cyanide, cyanate, thiocyanate, isocyanate, 
isothiocyanate, alkyl nikrile, aryl nitrile, alkyl 
isonitrile, aryl isonitrile, nitrate, nitrite, azido, 
alkyl sulfonic acid, aryl Wfonic acid, alkyl sulfoxide, 
65 aryl sulfoxide, alkyl aryl Wf oxide, alkyl sulfenic 
acid, aryl sulfenic acid, alkyl sulfinic acid, aryl 
sulfonic acid, alkyl thiol ckrboxylic acid, aryl thiol 
carboxylic acid, alkyl thiol Vhiocarboxylic acid, aryl 
thiol thiocarboxylic acid, alkyl carboxylic acid (such as 
70 acetic acid, trif luoroacetic acid, oxalic acid) , aryl 
carboxylic acid (such as benzoic acid, phthalic acid), 



0J 

O 55 
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urea, alkyl urek, aryl urea, alkyl aryl urea, thiourea, 
alkyl thiourea, \aryl thiourea, alkyl aryl thiourea, 
sulfate, sulfiteV bisulfate, bisulfite, thiosulfate, 
75 thiosulfite, hydiosulfite, alkyl phosphine, aryl 

phosphine, alkyl Wiosphine oxide, aryl phosphine oxide, 
alkyl aryl phosphine oxide, alkyl phosphine sulfide, aryl 
phosphine sulfide A- alkyl aryl phosphine sulfide, alkyl 
phosphonic acid, aWl phosphonic acid, alkyl phosphinic 
80 acid, aryl phosphinVc acid, alkyl phosphinous acid, aryl 
y/ ' phosphinous acid, phosphate, thiophosphate , phosphite, 
7> pyrophosphite, triphosphate, hydrogen phosphate, 

dihydrogen phosphate ,\ alkyl guanidino, aryl guanidmo, 
alkyl aryl guanidino, \ alkyl carbamate, aryl carbamate, 
alkyl aryl carbamate, Wyl thiocarbamate aryl 
thiocarbamate, alkyl arvl thiocarbamate, alkyl 
di thiocarbamate, aryl dV thiocarbamate, alkyl aryl 
di thiocarbamate, bicarbonate, carbonate, perchlorate, 
chlorate, chlorite, hypochlorite, perbromate, bromate, 
bromite, hypobromite, tetVahalomanganate , 



1 (r« 



i n 

•zr s 

ilj 

m 90 



w tetrafluoroborate, hexaf luorophosphate , 

° hexafluoroantimonate, hypophosphite, iodate, periodate, 

metaborate, tetraaryl boratk tetra alkyl borate. 



95 



metaborate, tenaaL^ — r ' 

tartrate, salicylate, succinate, citrate, ascorbate, 
saccharinate, amino acid, hyWoxamic acid, thiotosylate, 
and anions of ion exchange resins. 



4 The biomaterial of claim 1 wherein the non- 
proteinaceous catalyst for the\ dismuta.tion of superoxide 
is selected from the group consisting of Compounds 1-54 
of Table 1. \ 

5. The biomaterial of claim 1 wherein the non- 

= ra h 3 ivst for the dismutation of superoxide 
protemaceous catalyse toi: lh<= ^+ 

is selected from the group consisting of Compounds 16, 
27, 38, 40, 42, 43, 51, 52, 53, akd 54 of Table 1. 
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6. Th^ biomaterial of claim 2, 3, 4, or 5 wherein 
the non-pro^einaceous catalyst is present at a 
concentration of about 0.001 to about 25 weight percent. 

7. The bVomaterial of claim 2, 3, 4, or 5 wherein 
the non-proteiAaceous catalyst is present at a 
concentration ok about 0.01 to about 10 weight percent. 

8. The bionkterial of claim. 2, 3, 4, or 5 wherein 
the non-proteinace^jus catalyst is present at a 
concentration of about 0.05 to about 5 weight percent. 

9. The biomaterial of claim 1 wherein the 

. unmodified biomateriaU is selected from the group 
consisting of: met als\ ceramics, polymers, biopolymers, 
and composites thereof \ 

10. The biomateriaU of claim 1 wherein the 
unmodified biomaterial is a metal selected from the group 
consisting of : stainless Weel, tantalum, titanium, 
nitinol, gold, platinum, iWonel, iridium, silver, 
tungsten, nickel, chromiumX vanadium, and alloys 
comprising any of the foregoing metals and alloys. 

11. The biomaterial ofAclaim 10 wherein the non- 
proteinaceous catalyst for th X e dismutation of superoxide 
is selected from the group consisting of manganese (II) 
pentaaza complexes, manganese (III) pentaaza complexes, 
iron (ID pentaaza complexes, iron(III) pentaaza 
complexes, manganese (II) salen\complexes, manganese 
(III) salen complexes, iron (II)\salen complexes, 
iron(III) salen complexes, manganese (II) porphyrin 
complexes, manganese (III) porphyrin complexes, iron (II) 

, porphyrin complexes, and iron (III )\ porphyrin complexes. 
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12 \ The biomaterial of claim 10 wherein the non- 
proteinaAeous catalyst for the dismutation of superoxide 
is selected from the group consisting of manganese and 
iron chelates of pentaazacyclopentadecane compounds, 
which are Represented by the following formula: 

R' 




wherein M is a cation of a transition metal, preferably 

V., i~ o P' R. . R' , . R,. R' 2 , Rj» 



manganese or iron; wherein R, 
R' 4 , Rs» R 's* ^ 



R' , R lf R 
R 7 , R' 7 / R 



i , R2 1 R ' 

R' 8' R 9' 



2 1 ^3 ' 

and R' 



R' 3 , R 4 / *■ *> K S , ^ S' 1M« « 

independently represent hydrogen, or substxtuted or 
unsubstituted alkyl, aVkenyl, alkynyl, cycloalkyl, 
cycloalkenyl, cycloalkylalkyl , cycloalkylcycloalkyl 
cycloalkenylalkyl, alkyicycloalkyl , alkylcycloalkenyl , 
alkenylcycloalkyl, alkeriylcycloalkenyl , heterocyclic, 
aryl and aralkyl radicals; R, or R' t and R 2 or R' S . R, or 
R' 3 and R 4 or R< 4 , R 5 or r\ and R 6 or R' 6 , R 7 or R' 7 and R 8 
or R'e, and R 9 or R' 9 and R \or R< together with the carbon 
atoms to which they are attached independently form a 
substituted or unsubstitutek, saturated, partxally 
saturated or unsaturated cyclic or heterocyclic havxng 3 
to 20 carbon atoms; R or R' knd R, or R' lf R 2 or R', and R 3 
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or R' 3 , R 4 or\R\ and R 5 or R' s , R s or R' 6 and R 7 or R' 7 , and 
r 8 or R'e and\R 9 or R' 9 together with the carbon atoms to 
which they arte attached independently form a substituted 
or unsubstitutLd nitrogen containing heterocycle having 2 
to 20 carbon atoms, provided that when the nitrogen 
containing heteVocycle is an aromatic heterocycle which 
does not contaiA a hydrogen attached to the nitrogen, the 
hydrogen attached to the nitrogen as shown in the above 
formula, which nitrogen is also in the macrocyclic ligand 
or complex, and the R groups attached to the included 
carbon atoms of the macrocycle are absent; R and R' , R x 
and R\, R 2 and R'A R 3 and R' a , R 4 and R\, R 5 and R' s , R 6 
and R' 6 , R 7 and R' 7 ,\r 8 and R'„ and R 9 and R' 9 , together 
with the carbon atoto to which they are attached 
independently form a\ saturated, partially saturated, or 
unsaturated cyclic heterocyclic having 3 to 20 carbon 
atoms; and one of R, R' , R w R 'i> R 2> R ' 2 ' R *' R, 3' R «' R '*' 
R S , R' s , R 6 , R'., R'\. r s, r V ^ d R' f together with 

a different one of R, R' , Ri, R V R 2» R> 2' R *' R> 3' R «' 

R' 4 , R 5 , RS, R 6 « R 's> R A R ' " R a' R ' 8 ' R - and R ' 9 whiGh ±S 
attached to a dif f erent \carbon atom in the macrocyclic 
ligand may be bound to f V orm a strap represented by the 
formula 

- (CH 2 ) X -M- (CH 2 ) „-L- (CH\) (CH 2 ) 

wherein w, x, y and z independently are integers from 0 
to 10 and M, L and J are independently, selected from the 
group consisting of alkyl, aUkenyl, alkynyl, aryl, 
cycloalkyl, heteroaryl, alkaWl, alkheteroaryl , aza, 
amide, ammonium, oxa, thia, sulfonyl, sulfinyl, 
sulfonamide, phosphoryl, phosphinyl, phosphino, 
phosphonium, keto, ester, alcohol, carbamate, urea, 
thiocarbonyl, borates, boranesX boraza, silyl, siloxy, 
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silaza\ and combinations thereof; and combinations 
thereof ; 

ana wherein X, Y and Z are independently selected 
from the\ group consisting of halide, oxo, aquo, hydroxo, 
alcohol, \phenol, dioxygen, peroxo, hydroperoxo, 
alkylperoxo, arylperoxo, ammonia, alkylamino, arylamino, 
heterocycltoalkyl amino, heterocycloaryl amino, amine 
oxides, hydrazine, alkyl hydrazine, aryl hydrazine, 
nitric oxide, cyanide, cyanate, thiocyanate, isocyanate, 
isothiocyanite, alkyl nitrile, aryl nitrile, alkyl 
isonitrile, aryl isonitrile, nitrate, nitrite, azido, 
alkyl sulfonic acid, aryl sulfonic acid, alkyl sulfoxide, 
aryl sulfoxide 1 ,, alkyl aryl sulfoxide, alkyl sulfenic 
acid, aryl sulfenic acid, alkyl sulfinic acid, aryl 
sulfinic acid, Wkyl thiol carboxylic acid, aryl thiol 
carboxylic acid\ alkyl thiol thiocarboxylic acid, aryl 
thiol thiocarboxylic acid, alkyl carboxylic acid (such as 
acetic acid, trif luoroacetic acid, oxalic acid) , aryl 
carboxylic acid (such as benzoic acid, phthalic acid) , 
urea, alkyl urea, \aryl urea, alkyl aryl urea, thiourea, 
alkyl thiourea, aryl thiourea, alkyl aryl thiourea, 
sulfate, sulfite, iksulfate, bisulfite, thiosulfate, 
thiosulfite, hydrosulf ite, alkyl phosphine, aryl 
phosphine, alkyl phofephine oxide, aryl phosphine oxide, 
alkyl aryl phosphine Wide , alkyl phosphine sulfide, aryl 
phosphine sulfide, alkyl aryl phosphine sulfide, alkyl 
phosphonic acid, aryl \phosphonic acid, alkyl phosphinic 
acid, aryl phosphinic acid, alkyl phosphinous acid, aryl 
phosphinous acid, phosphate, thiophosphate , phosphite, 
pyrophosphite, triphosphate, hydrogen phosphate, 
dihydrogen phosphate, alkyl guanidino, aryl guanidino, 
alkyl aryl guanidino, alkyl carbamate, aryl carbamate, 
alkyl aryl carbamate, alkyl thiocarbamate aryl 
thiocarbamate, alkyl aryl thiocarbamate, alkyl 
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dithiocarbamate, aryl dithiocarbamate, alkyl aryl 
dithVocarbamate, bicarbonate, carbonate, perchlorate, 
chloriate, chlorite, hypochlorite, perbromate, bromate, 
90 bromite, hypobromite, tetrahalomanganate, 
tetrafiluoroborate , hexaf luorophosphate , 

hexaf luoroantimonate, hypophosphite, iodate, periodate, 
metaboiate, "tetraaryl borate, tetra alkyl borate, 
tartratte, salicylate, succinate, citrate, ascorbate, 
95 saccharinate, amino acid, hydroxamic acid, thiotosylate, 
and anions of ion exchange resins. 

13 . \ The biomaterial of claim 10 wherein the non- 
proteinaceous catalyst for the dismutation of superoxide 
is selected from the group consisting of Compounds 1-54 
of Table A 

14 . The biomaterial of claim 10 wherein the non- 
proteinaceous catalyst for the dismutation of superoxide 
is selected Worn the group consisting of Compounds 16, 
27, 38, 40, ia, 43, 51, 52, 53, and 54 of Table 1. 

15. TheViomaterial of claim 11, 12, 13, 14 wherein 
the non-proteinaceous catalyst is present at a 
concentration cif about 0.001 to about 25 weight percent . 



16. The bitomaterial of claim 11, 12, 13, 14 
wherein the non-proteinaceous catalyst is present at a 
concentration of ^about 0.01 to about 10 weight percent 



17. The biomaterial of claim 11, 12, 13, 14 
wherein the non-proteinaceous catalyst is present at a 
concentration of ab^put 0.05 to about 5 weight percent. 



18 . The biomaterial of claim 1 wherein the 
unmodified biomaterial is a ceramic selected from the 
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group consisting of: hydroxyapatite, tricalcium 
phosphate A and aluminum- calcium-phosphorus oxide. 

19. The biomaterial of claim 18 wherein the non- 
proteinaceoul catalyst for the dismutation of superoxide 
is selected f\om the group consisting of manganese (II) 
pentaaza complexes, manganese (III) pentaaza complexes, 
iron (II) pentsfcaza complexes, iron (III) pentaaza 
• complexes, mangknese (II) salen complexes, manganese 
(III) salen complexes, iron (II) salen complexes, 
iron(III) salen Complexes, manganese (II) porphyrin 
complexes, manganese (III) porphyrin complexes, iron (II) 
porphyrin complexes, and iron(III) porphyrin complexes. 

20. The biomaterial of claim 18 wherein the non- 
proteinaceous catalyst for the dismutation of superoxide 
is selected from theVgroup consisting of manganese and 
iron chelates of pentVazacyclopentadecane compounds, 
which are represented W the following formula: 



r' 8 :\ 



(Z) n 




• 
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wherein M\is a cation of a transition metal, preferably 
manganese \or iron; wherein R, R' , R x , R'i, R 2 » R, 2, R s» 
R' 3 , R 4 , R'\, R 5 / R's» R 6 / R' s < R 7 , R'7. R 8 > R' 8 ' r 9' and R S 
independently represent hydrogen, or substituted or 
10 unsubstituted alkyl, alkenyl, alkynyl, cycloalkyl, 

cycloalkenyA cycloalkylalkyl, cycloalkyl cycloalkyl, 
cycloalkenylaikyl , alkyl cycloalkyl , alkylcycloalkenyl , 
alkenylcycloa^kyl , alkenylcycloalkenyl , heterocyclic, 
aryl and aralk^l radicals; R x or R' x and R 2 or R' 2 , R 3 or 
15 R' 3 and R 4 or R'\, R s or R' s and R 6 or R' 6 , R 7 or R' 7 and R 8 
or R' 8 , and R 9 oA R' 9 and R or R' together with the carbon 
atoms to which tttey are attached independently form a 
substituted or unsubstituted, saturated, partially 
saturated or unsaturated cyclic or heterocyclic having 3 
20 to 20 carbon atoms X R or R' and R x or R' lf R 2 or R' 2 and R 3 
or R' 3 , R 4 or R' 4 . and\ R s or R' s , R 6 or R' 6 and R 7 or R' 7 , and 
R 8 or R' 8 and R 9 or R\ together with the carbon atoms to 
which they are attached independently form a substituted 
or unsubstituted nitrdgen containing heterocycle having 2 
25 to 20 carbon atoms, provided that when the nitrogen 

containing heterocycle is an aromatic heterocycle which 
does not contain a hydrogen attached to the nitrogen, the 
hydrogen attached to theViitrogen as shown in the above 
formula, which nitrogen is also in the macrocyclic ligand 
30 or complex, and the R groups attached to the included 

carbon atoms of the macrocode are absent; R and R' , R x 
and R\, R 2 and R' 2 , R 3 and rV 3 , R 4 and R\, R s and R' 5 , R s 
and R' 6 , R 7 and R' 7 , R 8 and R'\ a , and R 9 and R' 9 , together 
with the carbon atom to which^ they are attached 
35 independently form a saturated, partially saturated, or 

unsaturated cyclic or heterocyclic having 3 to 20 carbon 

atoms; and one of R, R' , Ri, *'\ *-2. R'2' R 3' R ' » R «' R '*' 

' 9 together with 

R 2 / R' 2 f R 3' R, 3' R 4' 

R 9 , and R' 9 which is 





Rs t R ' 5 ' R s ' 


R, 6, 






a different 


one 


of R, R' 


40 


R'«, R S ' R 's' 


R 6 , 


R ' 6 / R7 ' 
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attached to a different carbon atom in the macrocyclic 
ligand may be bound to form a strap represented by the 
formula 

- (CH 2 )\-M- (CH 2 ) W -L- (CH 2 ) (CH 2 ) 

wherein w, \, y and z independently are integers from 0 
to 10 and M, \L and J are independently selected from the 
group consisting of alkyl, alkenyl, alkynyl, aryl, 
cycloalkyl, heteroaryl, alkaryl, alkheteroaryl, aza, 
amide, ammonium, oxa, thia, sulfonyl, sulfinyl, 
sulfonamide, phosphoryl, phosphinyl, phosphino, 
phosphonium, keto, ester, alcohol, carbamate, urea, 
thiocarbonyl , borates, boraries, boraza, silyl, siloxy, 
silaza and combinations thereof; and combinations 
thereof ; 

and wherein X\, Y and Z are independently selected 
from the group consisting of halide, oxo, aquo, hydroxo, 
alcohol, phenol, dioxygen, peroxo, hydroperoxo, 
alkylperoxo, arylperoxo, ammonia, alkylamino, arylamino, 
heterocycloalkyl amino, heterocycloaryl amino, amine 
oxides, hydrazine, alkyl hydrazine, aryl hydrazine, 
nitric oxide, cyanide ,\ cyanate, thiocyanate, isocyanate, 
isothiocyanate, alkyl Mtrile, aryl nitrile, alkyl 
isonitrile, aryl isonitrile, nitrate, nitrite, azido, 
alkyl sulfonic acid, aryl sulfonic acid, alkyl sulfoxide, 
aryl sulfoxide, alkyl aryl sulfoxide, alkyl sulfenic 
acid, aryl sulfenic acid,\^ alkyl sulfinic acid, aryl 
sulf inic acid, alkyl thiol carboxylic acid, aryl thiol 
carboxylic acid, alkyl thiol thiocarboxylic acid, aryl 
thiol thiocarboxylic acid, klkyl carboxylic acid (such as 
acetic acid, trif luoroacetic^ acid, oxalic acid) , aryl 
carboxylic acid (such as benzoic acid, phthalic acid) , 
urea, alkyl urea, aryl urea, alkyl aryl urea, thiourea, 
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alkyl thiourea, aryl thiourea, alkyl aryl thiourea, 
sulfate, sulfite, bisulfate, bisulfite, thiosulfate, 
thioslxlfitel hydrosulf ite, alkyl phosphine, aryl 
phosphine, aVLkyl phosphine oxide, aryl phosphine oxide, 
alkyl aryl phosphine oxide, alkyl phosphine sulfide, aryl 
phosphine sulfide, alkyl aryl phosphine sulfide, alkyl 
phosphonic acid, aryl phosphonic acid, alkyl phosphinic 
acid, aryl phosphinic acid, alkyl phosphinous acid, aryl 
phosphinous acVd, phosphate, thiophosphate, phosphite, 
pyrophosphite, \ triphosphate, hydrogen phosphate, 
dihydrogen phosphate, alkyl guanidino, aryl guanidino, 
alkyl aryl guanidino, alkyl carbamate, aryl carbamate, 
alkyl aryl carbamate, alkyl thiocarbamate aryl 
thiocarbamate, aVkyl aryl thiocarbamate, alkyl 
di thiocarbamate, \aryl dithiocarbamate, alkyl aryl 
dithiocarbamate, bicarbonate, carbonate, perchlorate, 
chlorate, chlorite, hypochlorite, perbromate, bromate, 
bromite, hypobromite, tetrahalomanganate, 
tetraf luoroborate , \hexaf luorophosphate , 

hexaf luoroantimonatte, hypophosphite, iodate, periodate, 
metaborate, tetraarVl borate, tetra alkyl borate, 
tartrate, salicylate\, succinate, citrate, ascorbate, 
saccharinate , amino kcid, hydroxamic acid, thiotosylate, 
and anions of ion exchange resins. 

21. The biomaterial of claim 18 wherein the non- 
proteinaceous catalyst\ for the dismutation of superoxide 
is selected from the gtoup consisting -of Compounds 1-54 
of Table 1. \ 

22 . The biomateriil of claim 18 wherein the non- 
proteinaceous catalyst f&r the dismutation of superoxide 
is selected from the groub consisting of Compounds 16, 
27, 38, 40, 42, 43, 51, 5J, 53, and 54 of Table 1. 
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23\ The biomaterial of claim 19, 20, 21, or 22 
wherein \he non-proteinaceous catalyst is present at a 
concentration of about 0.001 to about 25 weight percent. 

24. \he biomaterial of claim 19, 20, 21, or 22 
wherein the\non-proteinaceous catalyst is present at a 
concentration of about 0.01 to about 10 weight percent. 

25. TheXbiomaterial of claim 19, 20, 21, or 22 
wherein the non-proteinaceous catalyst is present at a 
concentration o\f about 0.05 to about 5 weight percent. 

26. The biomaterial of claim 1 wherein the 
unmodified biomaterial is a polymer selected from the 
group consisting of: polyurethane , polyureaurethane , 
polyalkylene glycols, polyethylene teraphthalate, ultra 
high molecular weight polyethylene, polypropylene, 
polyesters, polyamides, polycarbonates, polyorthoesters , 
polyesteramides, polysiloxane, polyolefins, 
polytetrafluoroethyiene, polysulf ones, polyanhydrides , 
polyalkylene oxides, \ polyvinyl halides, polyvinyl edene 
halides, acrylic, metWcrylic, polyacrylonitrile, 
polyvinyl, polyphosphazene , polyethylene-co-acrylic acid, 
silicone, block copolymer of any of the foregoing 
polymers, random copolymers of any of the foregoing 
polymers, graft copolymers of any of the foregoing 
polymers, crosslinked polymers of any of the foregoing 
polymers, hydrogels, and mixtures of any of the foregoing 
polymers . \ 

27. The biomaterial\ of claim 26 wherein the non- 
proteinaceous catalyst foir the dismutation of superoxide 
is selected from the group\ consisting of manganese (II) 
pentaaza complexes, manganese (III) pentaaza complexes, 
iron (II) pentaaza complexes, iron (II I) pentaaza 
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completes, manganese (II) salen complexes, manganese 
(III) salen complexes, iron (II) salen complexes, 
iron(Ilio salen complexes, manganese (II) porphyrin 
complexes, manganese (III) porphyrin complexes, iron (II) 
porphyrin^ complexes, and iron (III) porphyrin complexes. 

28. The biomaterial of claim 26 wherein the non- 
proteinaceous catalyst for the dismutation of superoxide 
is selected^ from the group consisting of manganese and 
iron chelates of pentaazacyclopentadecane compounds, 
which are represented by the following formula: 




wherein M is a cation \of a transition metal, preferably 



manganese or iron; wherein R, R' , Ri# 
R'„ R 4 , R\* R s< R 's' R.X R ' 6 ' R " R '" R *' 



R ' 1 I R 2 ' 



R ' 2 I R3 1 

R 9 , and R' 9 



independently represent Wdrogen 



or substituted or 



unsubstituted alkyl, alkenyl, alkynyl, cycloalkyl, 
cycloalkenyl, cycloalkylalkyl , cycloalkylcycloalkyl , 
cycloalkenylalkyl , alkyl eye 1 oa lkyl , alkylcycloalkenyl , 
alkenylcycloalkyl, alkenylc^ycloalkenyl , heterocyclic, 
aryl and aralkyl radicals; R x or R' x and R 2 or R' 2 , R 3 or 
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25 R' 3 ai*d R 4 or R' 4 , R s or R' s and R 6 or R'„ R 7 or R' 7 and R 8 
or R' 8 \ and R 9 or R' 9 and R or R' together with the carbon 
atoms \o which they are attached independently form a 
substituted or unsubstituted, saturated, partially 
saturated or unsaturated cyclic or heterocyclic having 3 
30 to 20 carbon atoms; R or R' and R, or R\, R 2 or R' 2 and R 3 
or R' 3 , RAor R' 4 and R 5 or R' 5 , R 6 or R' 6 and R 7 or R'„ and 
R 8 or R' 8 and R 9 or R' 9 together with the carbon atoms to 
. which theyAare attached independently form a substituted 
or unsubstiVuted nitrogen containing heterocycle having 2 
^ to 20 carboA atoms, provided that when the nitrogen 



" & 35 to 2 0 carbon _ . _ 

y? ~ containing heterocycle is an aromatic heterocycle which 

does not contain a hydrogen attached to the nitrogen, the 
~ hydrogen attached to the nitrogen as shown in the above 

H formula, which\ nitrogen is also in the macrocyclic ligand 

L 40 or complex, and the R groups attached to the included 

S carbon atoms of\the macrocycle are absent; R and R' , R x 

D: 1 and R' x . R 2 and \' 2I R 3 and R' 3 , R 4 and R' 4 , R s and R' s , R 6 

and R' s , R 7 and r\ 7 , R 8 and R' 8 , and R 9 and R' 9 , together 
with the carbon Atom to which they are attached 
45 independently fori* a saturated, partially saturated, or 

unsaturated cyclic\ or heterocyclic having 3 to 20 carbon 
atoms; and one of R, R' , Rx, R'i* *2> R, 2< R 3' R ' » R «' R '*' 
R S , R' 5 , Re, R'.. H 7 AR'„ R e , R's, R*, ^nd R' 9 together with 

.... . -C O T3 I O B'. . P.. R'„ Rw R',l R41 



a different one of R, R ' # Ri / R'w R 2* R> 2' R >' R '" R *' 

50 R' 4 , R 5 , R's, Re. R'sA R " R ' 7 ' R " R ' 8 ' R " and R ' 9 WhiCh 
attached to a different carbon atom in the macrocyclic 
ligand may be bound t X o form a strap represented by the 
formula 



55 



- <CH 2 ) X -M- (CH 2 ) W -L- fcCH 2 ) (CH 2 ) y - 

wherein w, x, y and z independently are integers from 0 
to 10 and M, L and J are independently selected from the 
group consisting of alkyl\ alkenyl, alkynyl, aryl, 
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cycloalkylX heteroaryl, alkaryl, alkheteroaryl, aza, 
amide, ammoYiium, oxa, thia, sulfonyl, sulfinyl, 
sulfonamide \ phosphoryl, phosphinyl , phosphino, 
phosphoniumA keto, ester, alcohol, carbamate, urea, 
thiocarbonyl A borates, boranes, boraza, silyl, siloxy, 
silaza and combinations thereof; and combinations 
thereof ; \ 

and wherein X, Y and Z are independently selected 
from the group consisting of halide, oxo, aquo, hydroxo, 
alcohol, phenol^ dioxygen, peroxo, hydroperoxo, 
alkylperoxo, arylperoxo, ammonia, alkylamino, arylamino, 
heterocycloalkyl \amino, heterocycloaryl amino, amine 
oxides, hydrazine\ alkyl hydrazine, aryl hydrazine, 
nitric oxide, cyaikde, cyanate, thiocyanate, isocyanate, 
isothiocyanate, aAyl nitrile, aryl nitrile, alkyl 
isonitrile, aryl isbnitrile, nitrate, nitrite, azido, 
alkyl sulfonic acid,\ aryl sulfonic acid, alkyl sulfoxide, 
aryl sulfoxide, alkyl aryl sulfoxide, alkyl sulfenic 
acid, aryl sulfenic acid, alkyl sulfinic acid, aryl 
sulfinic acid, alkyl thiol carboxylic acid, aryl thiol 
carboxylic acid, alkyi thiol thiocarboxylic acid, aryl 
thiol thiocarboxylic acid, alkyl carboxylic acid (such as 
acetic acid, trif luoroacetic acid, oxalic acid) , aryl 
carboxylic acid (such as benzoic acid, phthalic acid) , 
urea, alkyl urea, aryl urea, alkyl aryl urea, thiourea, 
alkyl thiourea, aryl thiourea, alkyl aryl thiourea, 
sulfate, sulfite, bisulfite, bisulfite, thiosulfate, 
thiosulfite, hydrosulf ite\ alkyl phosphine, aryl 
phosphine, alkyl phosphine oxide, aryl phosphine oxide, 
alkyl aryl phosphine oxidel alkyl phosphine sulfide, aryl 
phosphine sulfide, alkyl aryl phosphine sulfide, alkyl 
phosphonic acid, aryl phospWiic acid, alkyl phosphinic 
acid, aryl phosphinic acid, \ alkyl phosphinous acid, aryl 
phosphinous acid, phosphate ,\ thiophosphate, phosphite, 
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pyrofehosphite, triphosphate, hydrogen phosphate, 
dihyd\ogen phosphate, alkyl guanidino, aryl guanidino, 
alkyl\ryl guanidino, alkyl carbamate, aryl carbamate, 
alkyl aVyl carbamate, alkyl thiocarbamate aryl 
thiocarbamate, alkyl aryl thiocarbamate, alkyl 
di thiocarbamate, aryl di thiocarbamate, alkyl aryl 
di thiocarbamate, bicarbonate, carbonate, perchl orate, 
chlorate, \ chlorite, hypochlorite, perbromate, bromate, 
bromite, hypobromite, tetrahalomanganate, 
tetrafluoroborate, hexaf luorophosphate, 

hexafluoroakimonate, hypophosphite, iodate, periodate, 
metaborate, Vetraaryl borate, tetra alkyl borate, 
tartrate, salicylate, succinate, citrate, ascorbate, 
saccharinateAamino acid, hydroxamic acid, thiotosylate, 
and anions of ion exchange resins. 



29. The biomaterial of claim 26 wherein the non- 
proteinaceous catalyst for the dismutation of superoxide 
is selected fronAthe group consisting of Compounds 1-54 
of Table 1. 

30. The biomaterial of claim 26 wherein the non- 
proteinaceous catalyst for the dismutation of superoxide 
is selected from the\ group consisting of Compounds 16, 
27, 38, 40, 42, 43, 51, 52, 53, and 54 of Table 1. 

31. The biomaterial of claim 27, 28, 29, or 30 
wherein the non-proteinaceous catalyst is present at a 
concentration of about\ 0.001 to about 25 weight percent 

32. The biomaterial of claim 27, 28, 29, or 30 
wherein the non-proteinacUs catalyst is present at a 
concentration of about O.oV to about 10 weight percent. 



m 




148 



MPI 8311 
PATENT 



33. The \biomaterial of claim 27, 28, 29, or 30 
wherein the noA-proteinaceous catalyst is present at a 
concentration oV about' 0.05 to about 5 weight percent. 

34. The biomaterial of claim 1 wherein the 
unmodified biomaterial is a polyethylene glycol . 

35. The biomaterial of claim 34 wherein the non- 
proteinaceous catalVst for the dismutation of superoxide 
is selected from the\ group consisting of manganese (II) 
pentaaza complexes, tUnganese (III) pentaaza complexes, 
iron (II) pentaaza complexes, iron (III) pentaaza 
complexes, manganese III) salen complexes, manganese 
(III) salen complexes, \iron (II) salen complexes, 

iron (III) salen complexes, manganese (II) porphyrin 
complexes, manganese (IIB) porphyrin complexes, iron (II) 
porphyrin complexes, and\iron(III) porphyrin complexes. 

36. The biomaterial W claim 34 wherein the non- 
proteinaceous catalyst for\the dismutation of superoxide 
is selected from the group ^consisting of manganese and 
iron chelates of pentaazacydlopentadecane compounds, 
which are represented by the\ following formula: 
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wherein M is a cation of a transition metal, preferably 
manganSse or iron; wherein R, R' , R 1# R'i. R 2 - R '*' R *' 

R' a . R 4 .\ R '" Rs. r 's< r - R '" R " R '" R8 ' R ' 8 ' R " andR ' 9 
independently represent hydrogen, or substituted or 
unsubstitAted alkyl, alkenyl, alkynyl, cycloalkyl, 
cycloalkenVl, cycloalkylalkyl , cycloalkylcycloalkyl, 
cycloalkenyValkyl, alkylcycloalkyl , alkylcycloalkenyl, 
alkenylcyclo^lkyl, alkenylcycloalkenyl , heterocyclic, 
aryl and arakyl radicals; R, or R' t and R 2 or R' 2 , R 3 or 
R' 3 and R 4 or \\, R 5 or R' 5 and R 6 or R' 6 , R 7 or R' 7 and R 8 
or R- , and R 9 \r R' 9 and R or R' together with the carbon 
atoms to which \hey are attached independently form a 
substituted or ^^substituted, saturated, partially 
saturated or unsaturated cyclic or heterocyclic having 3 
to 20 carbon atoms\ R or R' and R, or -R' lf R 2 or R' 2 and R 3 
or R' 3 , R 4 or R' 4 a& R 5 or R'„ R 6 or R' s and R 7 or R' 7 , and 
r or R' 8 and R 9 or R\ 9 together with the carbon atoms to 
which they are attached independently form a substituted 
or unsubstituted nitroW containing heterocycle having 2 
to 20 carbon atoms, proVided that when the nitrogen 
containing heterocycle i\ an aromatic heterocycle which 
does not contain a hydrogen attached to the nitrogen, the 
hydrogen attached to the Aitrogen as shown in the above 
formula, which nitrogen is\also in the macrocyclic ligand 
or complex, and the R group^ attached to the included 
carbon atoms of the macrocycl^ are absent; R and R' , R x 
and R' lf R 2 and R' 2 , R 3 and R'A R 4 and R' 4 , R 5 and R' 5 , R 6 
and R' s , R 7 and R< 7 , R 8 and R' 8 ,\and R 9 and R' 9 , together 
with the carbon atom to which tkey are attached 
. independently form a saturated, Wtially saturated, or 
unsaturated cyclic or heterocycliV having 3 to 20 carbon 

atoms; and one of R, R' , R*. R ' l ' \ R '" R " R ' 3 ' **' 

R' 7 , R 8 . R's. R 9 \ and R' 9 together with 

L, R', Rx, R'i. R \ R 'a» R 3' R '3' r *' 
6 , R 7 , R' 7 . Ra. R'a.\ R 9 . and R' 9 which is 





R 5 . R's. R e. 


R'«. 


R 7 . 




a different 


one 


of 


0 


R' 4 . R s . R 's. 


R 6 . 


R', 



150 



MPI 8311 
PATENT 



attached \o a different carbon atom in the macrocyclic 
ligand may\be bound to form a strap represented by the 
formula 

- (ch 2 ) x \m- (CH 2 ) w -L- (CH 2 ) z -I- (CH 2 ) y - 

wherein w, x\ y and z independently are integers from 0 
to 10 and M, \ and J are independently selected from the 
group consisting of alkyl, alkenyl, alkynyl, aryl, 
cycloalkyl, heLroaryl, alkaryl, alkheteroaryl , aza, 
amide, ammonium\ oxa, thia, sulfonyl, sulfinyl, 
sulfonamide, pho^phoryl, phosphinyl, phosphino, 
phosphonium, ket\, ester, alcohol, carbamate, urea, 
thiocarbonyl, borates, boranes, boraza, silyl, siloxy, 
silaza and combinations thereof; and combinations 
thereof ; 

and wherein X,\y and Z are independently selected 
from the group consisting of halide, oxo, aquo, hydroxo, 
alcohol, phenol, diokygen, peroxo, hydroperoxo, 
alkylperoxo, arylpercixo, ammonia, alkylamino, arylammo, 
heterocycloalkyl aminL heterocycloaryl amino, amine 
oxides, hydrazine, all^l hydrazine, aryl hydrazine, 
nitric oxide, cyanide , \cyanate , thiocyanate, isocyanate, 
isothiocyanate, alkyl xiitrile, aryl nitrile, alkyl 
isonitrile, aryl isonittile, nitrate, nitrite, azido, 
alkyl sulfonic acid, ary,l sulfonic acid, alkyl sulfoxide, 
aryl sulfoxide, alkyl arVl sulfoxide, alkyl sulfenic 
acid, aryl sulfenic acid,\ alkyl sulf inic acid, aryl 
sulfinic acid, alkyl thiol carboxylic acid, aryl thiol 
carboxylic acid, alkyl thiol thiocarboxylic acid, aryl 
thiol thiocarboxylic acid,\ alkyl carboxylic acid (such as 
) acetic acid, trif luoroacetic acid, oxalic acid) , aryl 
carboxylic acid (such as benzoic acid, phthalic acid) , 
urea, alkyl urea, aryl urea \ alkyl aryl urea, thiourea, 
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alkyl thiourea, aryl thiourea, alkyl aryl thiourea, 
sulfate, sulfite, bisulfate, bisulfite, thiosulfate, 
thiosulfite, Wdrosulfite, alkyl phosphine, aryl 
phosphine, alkyl phosphine oxide, aryl phosphine oxide, 
alkyl aryl phosphine oxide, alkyl phosphine sulfide, aryl 
phosphine sulfide, alkyl aryl phosphine sulfide, alkyl 
phosphonic acidV aryl phosphonic acid, alkyl phosphinic 
acid, aryl phosphinic acid, alkyl phosphinous acid, aryl 
phosphinous acidl phosphate, thiophosphate, phosphite, 
pyrophosphite, triphosphate, hydrogen phosphate, 
dihydrogen phosphWte, alkyl guanidino, aryl guanidino, 
alkyl aryl guanidino, alkyl carbamate, aryl carbamate, 
alkyl aryl carbamate, alkyl thiocarbamate aryl 
thiocarbamate, alkyl aryl thiocarbamate, alkyl 
di thiocarbamate, aiyl dithiocarbamate , alkyl aryl 
di thiocarbamate, bibarbonate, carbonate, perchlorate, 
chlorate, chlorite, \hypochlorite, perbromate, bromate, 
bromite, hypobromite\ tetrahalomanganate, 
tetraf luoroborate , hexaf luorophosphate , 

hexafluoroantimonateAhypophosphite, iodate, periodate, 
metaborate, tetraaryl \borate, tetra alkyl borate, 
tartrate, salicylate, succinate, citrate, ascorbate, 
saccharinate, amino acid, hydroxamic acid, thiotosylate, 
and anions of ion exchange resins . 

37. The biomateriaA of claim 34 wherein the non- 
proteinaceous catalyst foir the dismutation of superoxide 
is selected from the group\ consisting of Compounds 1-54 
of Table 1. \ 

38. The biomaterial of\ claim 34 wherein the non- 
proteinaceous catalyst for the dismutation of superoxide 
is selected from the group consisting of Compounds 16, 
27, 38, 40, 42, 43, 51, 52, 53\ and 54 of Table 1. 
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3^. The biomaterial of claim 35, 36, 37, or 38 
wherein\the non-proteinaceous catalyst is present at a 
concentration of about 0.001 to about 25 weight percent. 

40. \The biomaterial of claim 35, 36, 37, or 38 
wherein th\ non-proteinaceous catalyst is present at a 
concentration of about 0.01 to about 10 weight percent. 

41. The biomaterial of claim 35, 36, 37, or 38 
wherein the non-proteinaceous - catalyst is present at a 
concentration \>f about 0.05 to about 5 weight percent. 

42. The biomaterial of claim 1 wherein the 
unmodified bioma\erial is a biopolymer selected from the 
group consisting W: chit in, chitosan, cellulose, methyl 
cellulose, hyaluronic acid, keratin, fibroin, collagen, 
elastin, and saccharide polymers. 



10 



43 . 



The biomaterial of claim 42 wherein the non- 



proteinaceous catalyst for the dismutation of superoxide 
is selected from the group consisting of manganese (II) 
pentaaza complexes, manganese (III) pentaaza complexes, 
iron (ID pentaaza complexes, iron(III) pentaaza 
complexes, manganese (II) salen complexes, manganese 
(III) salen complexes, iVon (II) salen complexes, 
iron(III) salen complexes manganese (II) porphyrin 
complexes, manganese (III) \porphyrin complexes, iron (II) 
porphyrin complexes, and iVon(III) porphyrin complexes. 



5 



44 The biomaterial of claim 42 wherein the non- 
proteinaceous catalyst for the dismutation of superoxic 
is selected from the group consisting of manganese and 
iron chelates of pentaazacyclopentadecane compounds, 
which are represented by the following formula: 
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v UN.. X 



(Z)„ 





wherein M is a cation of a transition metal, preferably 
manganese or iron; \wherein R, R' , R 1# R' X / R 2 / R, 2/ R 3* 



R 4 / R ' 4 ' 



R 



6' 



8 ' 



and R' 



independently represent hydrogen, or substituted or 
unsubstituted alkyl, \alkenyl, alkynyl, cycloalkyl, 
cycloalkenyl , cycloalkylalkyl , cycloalkylcycloalkyl, 
eye loalkenyl alkyl, alkylcycloalkyl, alkylcycloalkenyl , 
alkenyl cycloalkyl , a lkenyl eye loalkenyl , heterocyclic , 
aryl and aralkyl radica 



lis; Ri 



R' 3 and R 4 or 



or R', and R, or R' 



Rj or 



or R' 



and R g 



4 I 

or R' 



or R' s and R 6 or R' 6 , R 7 or R' 7 and R 8 
and\R or R' together with the carbon 



or n. 8 , emv* ^9 ^ 9 \ ■ - 

atoms to which they are attached independently form a 



substituted or unsubstituted, saturated, partially 
saturated or unsaturated cyclic or heterocyclic having 3 
to 20 carbon atoms; R or RV and R, or R' 1( R 2 or R' 2 and R 3 
or R' 3 , R 4 or R\ and R s or R' s , R 6 or R' 6 and R 7 or R',, and 



or 



R' 8 and R 9 or R' 9 together with the carbon atoms to 



which they are attached independently form a substituted 
or unsubstituted nitrogen containing heterocycle having 2 
to 2 0 carbon atoms, provided \ that when the nitrogen 
containing heterocycle is an 'aromatic heterocycle which 



\ 
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does not\ contain a hydrogen attached to the nitrogen, the 
hydrogen\attached to the nitrogen as shown in the above 
formula, which nitrogen is also in the macrocyclic ligand 
or complex, and the R groups attached to the included 
carbon ato\ns of the macrocycle are absent; R and R 1 , R x 
and R' w R 2 \and R' 2 , R 3 and R' 3 , R 4 and R\, R s and R' s , R 6 
and R' 6 , R 7 \and R' 7 , R 8 and R' 8 , and R 9 and R' 9 , together 
with the carbon atom to which they are attached 
independently form a saturated, partially saturated, or 
unsaturated cyclic or heterocyclic having 3 to 20 carbon 
atoms; and ot!e of R, R 1 , Ri, R\, R 2 , R' 2 * R 3* r *> R ' *' 

Rs. R's, R.. RV R - R '- Rfl' R 'e< R 9' and R '> together with 
a different orte of R, R' , Ri, R'i» R 2» R, 2' R 3, R, 3' R *' 
R' 4 , R s , R's, R 6 V R'«, R 7 , RS, Rs, R's, R 9 , and R' 9 which is 
attached to a different carbon atom in the macrocyclic 
ligand may be bound to form a strap represented by the 
formula \ 

- (CH 2 ) X -M- (Cl4) (CH 2 ) (CH 2 ) y - 

\ 

wherein w, x, y and z independently are integers from 0 
to 10 and M, L and oT are independently selected from the 
group consisting of Wyl, alkenyl, alkynyl, aryl, 
cycloalkyl, heteroaryl, alkaryl, alkheteroaryl, aza, 
amide, ammonium, oxaAthia, sulfonyl, sulfinyl, 
sulfonamide, phosphoryl, phosphinyl, phosphino, 
phosphonium, keto, ester, alcohol, carbamate, urea, 
thiocarbonyl, borates, boranes, boraza, silyl, siloxy, 
silaza and combinations thereof ; and combinations 
thereof ; \ 

and wherein X, Y andV are independently selected 
from the group consisting of halide, oxo, aquo, hydroxo, 
alcohol, phenol, dioxygen, peroxo, hydroperoxo, 
alkylperoxo, arylperoxo, ammbnia, alkylamino, arylamino, 
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heterocyoloalkyl amino, heterocycloaryl amino, amine 
oxides, hydrazine, alkyl hydrazine, aryl hydrazine, 
nitric oxAie, cyanide, cyanate, thiocyanate, isocyanate, 
isothiocyakate, alkyl nitrile, aryl nitrile, alkyl 
isonitrileAaryl isonitrile, nitrate, nitrite, azido, 
alkyl sulfonic acid, aryl sulfonic acid, alkyl sulfoxide, 
aryl sulfoxide, alkyl aryl sulfoxide, alkyl sulfenic 
acid, aryl sAlfenic acid, alkyl sulfinic acid, aryl 
sulfinic acid\ alkyl thiol carboxylic acid, aryl thiol 
carboxylic aciV alkyl thiol thiocarboxylic acid, aryl 
thiol thiocarboxylic acid, alkyl carboxylic acid (such as 
acetic acid, trif luoroacetic acid, oxalic acid), aryl 
carboxylic acid \such as benzoic acid, phthalic acid) , 
urea, alkyl ureaA aryl urea, alkyl aryl urea, thiourea, 
alkyl thiourea, aryl thiourea, alkyl aryl thiourea, 
sulfate, sulfite, bisulfate, bisulfite, thiosulfate, 
thiosulfite, hydrosulfite, alkyl phosphine, aryl 
phosphine, alkyl phosphine oxide, aryl phosphine oxide, 
alkyl aryl phosphine\ oxide , alkyl phosphine sulfide, aryl 
phosphine sulfide, akyl aryl phosphine sulfide, alkyl 
phosphonic acid, aryl\ phosphonic acid, alkyl phosphimc 
acid aryl phosphinic Wid, alkyl phosphinous add, aryl 
phosphinous acid, phosphate, thiophosphate , phosphite, 
pyrophosphite, triphosphate, hydrogen phosphate, 



dihydrogen phosphate, alWl guanidino, aryl guanidino, 
alkyl aryl guanidino, alkyl carbamate, aryl carbamate, 
alkyl aryl carbamate, alkyl thiocarbamate aryl 



alkyl aryJL cai^ctuKAuc, ^^^j - 

thiocarbamate, alkyl aryl \thiocarbamate, alkyl 
di thiocarbamate, aryl di thiocarbamate, alkyl aryl 
di thiocarbamate, bicarbonate, carbonate, perchlorate, 
chlorate, chlorite, hypochlorite, perbromate, bromate, 
bromite, hypobromite, tetrahalomanganate, 
tetraf luoroborate , hexaf luorophosphate, 

hexafluoroantimonate, hypophosphite , iodate, periodate, 
metaborate, tetraaryl borate, tetra alkyl borate, 
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tartrates, salicylate, succinate, citrate, ascorbate, 
95 saccharinate , amino acid, hydroxamic acid, thiotosylate, 
and anions of ion exchange resins. 

45. \The biomaterial of claim 42 wherein the non- 
proteinacebus catalyst for the dismutation of superoxide 
is selected from the group consisting of Compounds 1-54 
of Table 1 

46. The biomaterial of claim 42 wherein the non- 
proteinaceousVcatalyst for the dismutation of superoxide 
is selected frlm the group consisting of Compounds 16, 
27, 38, 40, 42^43, 51, 52, 53, and 54 of Table 1. 

47. The biomaterial of claim 43, 44, 45, or 46 
wherein the non-iroteinaceous catalyst is present at a 
concentration of \\ about 0.001 to about 25 weight percent. 

48. The bioWaterial of claim 43, 44, 45, or 46 
wherein the non-p\Ateinaceous catalyst is present at a 
concentration of aUut 0.01 to about 10 weight percent. 

49. The biomaterial of claim 43, 44, 45, or 46 
wherein the non-proAeinaceous catalyst is present at a 
concentration of abok\o.05 to about 5 weight percent. 

50. The biomateiial of claim 1 wherein the 
unmodified biomateriaAis a composite material comprising 
a relatively inelastic Uase selected from the group 
consisting of: carbon, hydroxy ' apatite, tricalcium 

5 phosphate, silicates, ceramics, and metals, and a 
relatively elastic phase selected from the group 
consisting of: polymers and biopolymers . 



m 
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10 

1/ 



51 \ T he biomaterial of claim 50 wherein the non- 
proteinaceVus catalyst for the dismutation of superoxide 
is selected from the group consisting of manganese (II) 
pentaaza co\plexes, manganese (III) pentaaza complexes, 
iron (ID pentaaza complexes, iron(III) pentaaza 
complexes, manganese (II) salen complexes, manganese 

(III) salen complexes, iron (II) salen complexes, 

LondU) salin complexes, manganese (II) 

complexes, manganese (III) porphyrin complexes, -on <II) 

porphyrin complexes, and iron(III) porphyrin complexes. 



52. ine jjiym»w^** — 
proteinaceous caWst for the dismutation of superoxide 
Is selected from Vhe group consisting of manganese and 
iron chelates of Aentaazacyclopentadecane compounds, 
which are represented by the following formula: 



The biomaterial of claim 50 wherein the non- 




wherein M is a cation of a transition metal pre erably 
manganese or iron; wherein a. R' . ' *' R . 



or substituted or 



independently represent hydrogen, or ~ ~ 

..substituted alkyl, alkenyl. Wyl. cycloalkyl. 



10 unsubst 



* 
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cycloalkeWl, cycloalkylalkyl , cycloalkylcycloalkyl 
cycloalkeSylalkyl. alkylcycloalkyl , alkylcycloalkenyl , 
alkenylcycloalkyl, alkenylcycloalkenyl , heterocyclic, 
aryl and aXlkyl radicals; R, or R< > and R 2 or R' 2 , R 3 or 
r< 3 and R 4 o\ R' 4 , *s or R' B and R 6 or R' 6 , R, or R' 7 and F 



or R-.. and! or R- , and R or R' together with the carbon 
atoms to whilfr they are attached independently form a 
substituted o\ unsubstituted. saturated, partially 
saturated or unsaturated cyclic or heterocycle havxng 3 
20 to 20 carbon atVms; R or «• and R, or R' i» K. or R . and R, 
/ or R.„ R. or «Aand R, or R-.. R s or R'« and R, or R- and 
R. or and R, or R-. together with the carbon atoms to 
which they are atVached independently form a substituted 
or unsubstituted nUtrogen containing heterocycle having 2 
25 to 20 carbon atoms\ provided that when the nitron 

containing heterocy\le is an aromatic heterocycle which 
aoes not contain a hydrogen attached to the nxtrogen. the 
nya rogen attached to\the nitrogen as shown in the above 
foLJa. which nitrogin is also in the macrocyclic ligand 
30 '/complex, and the rW attached to the included 
carbon atoms of the maWycle are absent ; R and R . R. 
and R' 1( R, and R'„ R, a\d R'„ R. and R'.. R, and R ,. Re 
^ d R . . R, and RV R. and »'.. and R. and R- together 
with the carbon atom to wWh they are attached 
35 Independently form a satuLted. partially saturated, or 

unsaturated cyclic or heterocyclic having 3 to 20 carbon 
atoms- and one of R, R' . rA *'m *»■ R '»- R " - * *' 

a different one of R. . is 

attached to a different carboX atom in the 
ligand may be bound to form a Wap represented by the 



40 R' 



formula 

- <CH 2 ) X -M- (CH 2 ) W -L- (CH 2 ) - (C^Jy- 



i 
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45 



50 



wherein w, \, V and z independently are integers from 0 
to 10 and m\ L and J are independently selected from the 
group consisting of alkyl, alkenyl, alkynyl, aryl, 
cycloalkyl, Aeteroaryl, alkaryl, alkheteroaryl , aza, 
amide, arnmoni\m, oxa, thia, sulfonyl, sulfxnyl. 
sulfonamide, pWphoryl, phosphinyl, phosphino, 
phosphonium, klto, ester, alcohol, carbamate urea, 
thiocarbonyl, bWates, boranes, boraza, silyl, sxloxy, 
silaza and combinations thereof; and combinatxons 



™ 60 

m 



S thereof ; 

a ' „ and wherein \. Y and Z are independently selected 

O from the group consisting of halide. oxo. aquo. hydroxo, 

S n alcohol, phenol. dWgen. peroxo, hydroperoxo. 

IA. alkylperoxo. arylpeVoxo. ammonia, alkylamino, arylam.no. 

heterocycloalkyl amiVo. heterocycloaryl amino, amine 
oxides, hydrazine. aW hydrazine, aryl hydrazine, 
"trie oxide. =yanide\ cyanate, thiocyanate, xsocyanate. 
isothiocyanate. alkyl Wile, aryl nitnle alkyl 
4=onitrile aryl isoniWle. nitrate, nitrite, azido, 
alky "u Lipoid, a^yl sulfonic acid, alky! sulfoxide. 
tyl sulfoxide, alkyl aiyl sulfoxide, alkyl sulfenic 
acid, aryl sulfenic acid\ alkyl sulfinic acid, aryl 
sulf ni7acid. alkyl uA carboxylic acid, aryl thiol 
carboxylic acid, alkyl thiol thiocarboxylic acid, aryl 
thfoHhiocarboxylic acid.W carboxyHc acid (such as 
acetic acid, trif luoroaceti\ acid, oxalic acid, . aryl 
carboxylic acid (such as beLoic 

urea, alkyl urea, aryl ureaA alkyl aryl urea thiourea, 
alkyi thiourea, aryl thiourea, alkyl aryl thiourea, 
sulfate, sulfite, bisulfate. ^sulfite, thiosul ate, 
thiosulfite, hydrosulfite. alkyl phosphine. aryl 
phosphine. alkyl phosphine oxi\e, aryl phosphine oxide _ 
Ilkyl aryl phosphine oxide, alkVl P^^^. ^ 
phosphine sulfide, alkyl aryl pj^phin. sulfide, alkyl 
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phospWic acid, aryl phosphonic acid, alkyl phosphmxc 
acid Wl phosphinic acid, alkyl phosphinous acxd, aryl 
phosphLous acid, phosphate, thiophosphate, phosphite, 
pyropholphite, triphosphate, hydrogen phosphate, 
dihydroXn phosphate, alkyl guanidino, aryl guanidxno, 
alkyl ary\ guanidino, alkyl carbamate, aryl carbamate, 
alkyl aryl\ carbamate, alkyl thiocarbamate aryl 
thiocarbamAte, alkyl aryl thiocarbamate, alkyl 
dithiocarbaWe, aryl di thiocarbamate, alkyl aryl 
dithiocarbarnkte, bicarbonate, carbonate, perchlorate, 
chlorate, chlorite, hypochlorite, perbromate, bromate, 
bromite, hypooromite, tetrahalomanganate , 
tet raf luoroborkte , hexaf luorophosphate , 

hexafluoroant donate, hypophosphite , iodate, perxodate, 
metaborate, tetraaryl borate, tetra alkyl borate 
tartrate, salicylate, succinate, citrate, ascorbate 
saccharinate, ami\o acid, hydroxamic acid, thxotosylate, 
and anions of ion Exchange resins. 

53 The biomaLrial of claim 50 wherein the non- 
proteinaceous catalyst for the dismutation of superoxide 
selected from the \roup consisting of Compounds 1-54 



is 

of Table 1 
54 . 



The biomaterikl of claim 50 wherein the non- 
proteinaceous catalyst for the dismutation of superoxide 
is selected from the gro\p consisting of Compounds 16, 
27, 38, 40, 42, 43, 51, ffc. 53, and 54 of Table 1. 

55 The biomaterial bf claim 51, 52, 53, or 54 
wherein the non-proteinace^s catalyst is present at a 
concentration of about 0.o\l to about 25 wexght percent 
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5V. The biomaterial of claim 51, 52, 53, or 54 
whereiA the non-proteinaceous catalyst is present at a 
concentration of about 0.01 to about 10 weight percent. 

57. \ The biomaterial of claim 51, 52, 53, or 54 
wherein t\e non-proteinaceous catalyst is present at a 
concentration of about 0.05 to about 5 weight percent. 

58 Ttte biomaterial of claim 1 comprising the non- 
proteinaceouS catalyst for the dismutation of superoxide 
covalently boknd to the surface of the biomaterial. 

59. The biomaterial of claim 1 comprising a 
copolymer of th\ non-proteinaceous catalyst for the 
dismutation of superoxide and the biomaterial monomer. 



60. The biokaterial of claim 1 comprising an 
admixture of the non-proteinaceous catalyst for th 
dismutation of superoxide and the biomaterial. 



61 The biomaterial of claim 1 wherein, upon 
exposure to a biological fluid, dissociation of the non- 
proteinaceous catalysV for the dismutation of superoxide 
or the precursor ligand from the biomaterial is prevented 
by at least on e covalent bond between the non- 
proteinaceouTcI^a^y^for the dismutation of superoxide 
^ or the precursor ligand X and the biomaterial. 

62 The biomateriaAof claim 1 wherein, upon 
exposure to a biological fluid, dissociation of the non- 
proteinaceous catalyst f or Vhe dismutation of superoxide 
or the precursor ligand f ro\ the biomaterial is prevented 
by ionic interactions be tweekth e_ non-prote inaceous 
catalyst for the" disputation 3f superoxide or the 
precursor ligand and the biomaterial. 
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63 Whe biomaterial of claim 1 wherein, upon 
exposure t\> a biological fluid, dissociation of the non- 
proteinaceous catalyst for the dismutation of superoxide 
or the precursor ligand from the biomaterial is prevented 
by hydrophob ic interact ions between the non-proteinaceous 
cataly^Tfo^he dismutation of superoxide and the 
biomaterial . 

64 a process for producing a biomaterial modified 
by surface covalent conjugation with at least one non- 
proteinaceous catalyst for the dismutation of superoxide 
or at least one precursor ligand of a non-proteinaceous 
catalyst for the dismutation of superoxide, the process 
comprising: 

a providing at least one reactive functional group 
on a surface of the biomaterial to be modified; 

b. providing at least one complementary reactive 
functional group on the non-proteinaceous 
catalyst for the dismutation of superoxide or on 
the precursor ligand; and 

c conjugating the non-proteinaceous catalyst for 
the dismutation of superoxide or the precursor 
ligand with the surface of the biomaterial 
through at least one covalent bond. 

65 The process of claim 64 wherein the non- 
proteinaceous catalyst for the dismutation of superoxide 
is conjugated with the surface of the biomaterial by a 
photo -chemical reaction. 

66 The process of claim 64 wherein the non- 
proteinaceous catalyst for the dismutation of superoxide 
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or the precursor ligand is covalently bound directly to 
the surface of the biomaterial . 

67. The process of claim 64 further comprising 
providing at least one ^nker capable of reacting with 
both the reactive functional group on a surface of the 
biomaterial to be modified and the complementary reactive 
functional group on the non-proteinaceous catalyst for 
the dismutation of superoxide or the precursor ligand, 
wherein during said conjugation at least one reactive 
functional group on the surface of the article and at 
least one complementary reactive functional group on the 
non-proteinaceous catalyst for the dismutation of 
superoxide or the precursor ligand form a covalent bond 
with the linker. 

68. The process of claim 67 wherein theCg inkep is 
selected from the group consisting of: polysa ccharides, 
polyalkylene glycols, hexamethyl diimidi-isocyanate, 
silyl chloride, polypeptides, and polyaldehydes . 

69. The process of claim 64 wherein the reactive 
functional group on the surface 'of the biomaterial is 
selected from the group consisting of: acid halide <XCO- 
wherein X= Cl, F, Br, I) , amino (H 2 N-) , isocyanate (OCN-) , 
mercapto (HS-) , glycidyl (H 2 COCH-) , carboxyl (HOCO-) , 
hydroxy (HO-) , and chloromethyl (C1H 2 C-) . 

70. The process of claim 64 wherein the 
complementary reactive functional group on the non- 
proteinaceous catalyst for the dismutation of superoxide 
or the precursor ligand is selected from the group 
consisting: of amino (-NH 2 ) , carboxyl (-OCOH) , isocyanate 
(-NCO), mercapto (-SH), hydroxy (-0H) , silyl chloride (- 
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SiCl,), acid halide (-OCX wherein X= Cl, F, Br, I), halide 
(-X wherein X= Cl, F, Br, I), and glycidyl (-HCOCH 2 ) . 

71. The process of claim 64 wherein the non- 
proteinaceous catalyst for the dismutation of superoxide 
is selected from the group consisting of: manganese (II) 
pentaaza complexes, manganese (III) pentaaza complexes, 
iron (ID pentaaza complexes, iron (III) pentaaza 
complexes, manganese (II) salen complexes, manganese 
(III) salen complexes, iron (II) salen complexes, 
iron(III) salen complexes, manganese (II) porphyrin 
complexes, manganese (III) porphyrin complexes, iron (II) 
porphyrin complexes, and iron(IH) porphyrin complexes. 

72 The process of claim 64 wherein the non- 
proteinaceous catalyst for the dismutation of superoxide 
is selected from the group consisting of manganese and 
iron chelates of pentaazacyclopentadecane compounds, 
which are represented by the following formula: 




wherein M is a 



manganese or iron; 



cation of a transition metal, preferably 



wherein R, R' / Ri# R ' 



R2 / R ' : 



^3 ' 
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E .„ r' 4< Rs. R-s. *<- »•■< R - "•• *:•• Rs : and ■'• 

independently represent hydrogen, or substituted or 
unsubstituted alkyX. aXkenyX. aXkynyX, cycXoaXkyX. 
cycXoaXkenyX. cycXoalkylalkyl , cycXoaXkyXcycXoaXkyX 
cyc XoaXkenyXaXkyX. aXkyXcycXoaXkyl . alkyXcycXoaXkenyX . 
aLenyXcycloalkyl. alkenylcycloalkenyl ^terocycl.c 
aryl and aralkyX radicals; R, or R' , and R 2 or R R, or 
R^ and R. or R'.. Rs or R' 5 and R. or «... R, or R-, and R s 
"J , and R, or RS and R or R' together with the carbon 

atoms to which they are attached independently torn, a 

substituted or unsubstituted, saturated. 

saturated or unsaturated cyclic or ^-"cyclic havrng 3 
to 20 carbon atoms; R or R' and R, or R i. °* 
or V- R. or R- . and R s or R%. R s or R-. and R, or " an 
R or ... and R, or together with the carbon atoms to 
which they are attached independentXy form a ^-"tuted 
« ^substituted nitrogen containing heterocycXe havrng 2 
to 20 carbon atoms, provided that when the ntr^en 
containing heterocycXe is an aromatic heterocycXe whrch 
loes not contain a hydrogen attached to the nitrogen the 
hydrogen attached to the nitrogen as shown in th. . above 
formula, which nitrogen is aXso in the macrocycX c Xrgand 
oHompiex. and the R groups attached to the included 
carbon atoms of the macrocycle are absent; R and R . R, 
h p. R and R' a, R, and R',, R. and R'.. R s and R ,. R 6 

I ^ - - - - an t^er 9ether 

with the carbon atom to which they are attached 
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ligand may be bound to form a strap represented by the 
formula 

- (CH 2 ) X -M- (CH 2 )„-L- (CH 2 ) Z -I- (CH 2 ) y - 

v^r-oin w x y and z independently are integers from 0 
anl'M /and , are independently selected from the 
group consisting of alkyl, alkenyl. alkynyl, aryl, 
cycloalkyl, heteroaryl, alkaryl, alkheteroaryl aza, 
amide, ammonium, oxa, thia, sulfonyl, sulfxnyl 
sulfonamide, phosphoryl, phosphinyl, phosphxno 
phosphonium, keto, ester, alcohol, carbamate urea 

thiocarbonyl, borates, boranes, boraza, sxlyl, sxloxy, 

silaza and combinations thereof; and combinations 

thereof ; 

and wherein X. Y and Z are independently selected 
£ rom the group consisting of halide. oxo, ac^o. hydroxo. 
alcohol, phenol, dioxygen, peroxo. hydroperoxo, 
alx^peroxo, arylperoxo. ammonia, alkylamino. arylammo. 
he^rocycloalkyl amino, heterocycloaryl am.no. amine 
oxtaes. hydrazine, alkyl hydrazine, aryl hydrazine, 
nitric oxide, cyanide, cyanate, thiocyanate, -=yanate. 
isothiocyanate. alkyl nitrile, aryl nitnle. alkyl 
*onitrile aryl isonitrile, nitrate, nitrite, azido. 
Cl "ui^n 'acid. aryl sulfonic acid. 
s aryl sulfoxide, alkyl aryl sulfoxide. 

acid, aryl sulfenic acid, alkyl sulfinic add. aryl 
suit ni^acid. alkyl thiol carboxylic acid, aryl thiol 
sulfinic thiocarboxylic acid, aryl 

r c n rocir=xyfi: y acid. ^ — «« - 

0 acetic acid, trif luoroacetic acid, oxalic add) , aryl 
° carboxylic acid (such as benzoic acid, phthalic , 

urea, alkyl urea, aryl urea, alkyl aryl urea thiourea. 

Ziyi thiourea, aryl thiourea, alkyl aryl thiourea. 
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sulfate, sulfite, bisulfate, bisulfite, thiosulfate, 
thiosulfite, hydrosulfite, alkyl phosphine, aryl 
phosphine, alkyl phosphine oxide, aryl phosphine oxxde, 
alkyl aryl phosphine oxide, alkyl phosphine sulfxde, aryl 
phosphine sulfide, alkyl aryl phosphine sulfide, alkyl 
phosphonic acid, aryl phosphonic acid, alkyl ^^nxc 
acid aryl phosphinic acid, alkyl phosphinous acxd, aryl 
phosphinous acid, phosphate, thiophosphate , phosphite, 
pyrophosphite , triphosphate , hydrogen phosphate 
dihydrogen phosphate, alkyl guanidino, aryl guanxd.no, 
alkyl aryl guanidino, alkyl carbamate, aryl carbamate, 
alkyl aryl carbamate, alkyl thiocarbamate aryl 
thiocarbamate, alkyl aryl thiocarbamate, alkyl 
dithiocarbamate, aryl dithiocarbamate , alkyl aryl 
di thiocarbamate, bicarbonate, carbonate, perchlorate, 
chlorate, chlorite, hypochlorite, perbromate, bromate, 
bromite, hypobromite, tetrahalomanganate , 
tetrafluoroborate, hexaf luorophosphate, 

hexafluoroantimonate, hypophosphite, iodate, perxodate, 
me taborate, tetraaryl borate, tetra alkyl 
tartrate, salicylate, succinate, citrate, ascorbate 
saccharinate, amino acid, hydroxamic acid, thxotosylate, 
and anions of ion exchange resxns. 

73 The process of claim 64 wherein the non- 
pr oteinaceous catalyst for the dismutation of superoxide 
Is selected from the group consisting of Compounds 1-54 
of Table 1. 

74 The process of claim 64 wherein the non- 
proteinaceous catalyst for the dismutation of superoxide 
L selected from the group consisting of Compounds 16. 
27 38. 40. 42. 43, 51. 52. S3, and 54 of Table 1. 
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75. The process of claim 71, 72, 73, or 74 wherein 
the non-proteinaceous catalyst is present at a 
concentration of about 0.001 to about 25 weight percent. 

76. The process of claim 71, 72, 73, or 74 wherein 
the non-proteinaceous catalyst is present at a 
concentration of about 0.01 to about 10 weight percent. 

77. The process of claim 71, 72, 73, or 74 wherein 
the non-proteinaceous catalyst is present at a 
concentration of about 0.05 to about 5 weight percent. 

78 The process of claim 64 wherein the unmodified 
biomaterial is selected from the group consisting of: 
metals, ceramics, polymers, biopolymers, and composes 
thereof - 

79 The process of claim 64 wherein the unmodified 
biomaterial is a metal selected' from the group 

of: stainless steel, tantalum, titanium, nxtxnol. gold, 
platinum, inoonel. iridium, silver, tungsten, nickel, 
chromium, vanadium, and alloys comprising any of the 
foregoing metals and alloys. 

80 The process of claim 79 wherein the non- 
proteinaceous catalyst for the dismutation of superoxide 
Is selected from the group consisting of: manganese (II) 
pentaaza complexes, manganese (III) pentaaza complexes. 
= iron (ID pentaaza complexes, iron (III) pentaaza 

complexes, manganese (II) salen complexes, manganese 
(II I) salen complexes, iron (II) salen complexes, 
Lon(III) salen complexes, manganese (II) porphyry 
complexes, manganese (III) porphyrin complexes. «-«« 
porphyrin complexes, and iron(III) porphyrxn complexes. 



0 
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81 The process of claim 79 wherein the non- 
proteinaceous catalyst for the dismutation of superox.de 
is selected from the group consisting of manganese and 
iron chelates of pentaazacyclopentadecane compounds, 
which are represented by the following formula: 



10 



15 



20 




wherein M is a cation of a transition metal pref erably 

__. _ r, O/ R' . . R~. R •> I 



manganese or iron; wherein R, 



R 7 / R' 



^8/ 



x , R 2 / R f 2» ^3' 

R' 8 , R 9 , and R' 9 



P' R* * R 4/ ' 5 ' fi/ 6 ' 

independents represent hydrogen, or substituted or 
unsubstituted alkyl. alkenyl, alkynyl. cycloalkyl. 

cycloalKenyl. cycloal*ylal*yl. cycloalkylcycloalkyl, 
cycloalkenylalfcyl. alfcylcycloalkyl . alKylcycloalKenyl , 
aLnylcycloalfcyl . alXenylcycloalkenyl ^terocycXrc . 
aryl and arallcyl radicals; R, or *•> and R, or * ... R, or 
V and R. or R'.. R, or R' s and R« or R- 6 . R, or R-, and R. 
:; R " and R, or R-, and R or R' together with the carbon 
atoms to which they are attached independently form a 
substituted or unsubstituted. saturated, partxally 
Crated or unsaturated cyclic or heterocyclic ha^ 3^ 



SdLULa^^ 

to 20 carbon atoms; R or R' and R x or R w 



or R' 



3 ' 



on atomb , ^ ^ * 

-a t> ™. P' R or R's and R 7 or R' 7 , and 
or R' 4 and R s or R S / K 6 OJ - « 
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p or and R, or R-, together with the carbon atoms to 
which they are attached independently form a substxtuted 
fr utllituted nitrogen containing heterocycle having 2 
to 20 carbon atoms, provided that when the -»ogen 
containing heterocycle is an aromatic heterocycle whxch 
Zes not contain a hydrogen attached to the nxtrogen. the 
nydrogen attached to the nitrogen as shown in th. -above 
formula, which nitrogen is also in the macrocycl = ligand 
IHomplex. and the R groups attached to the included 
carbon atoms of the macrocycle are absent ; R and R . R, 
„ p. r and R'„ Rj and R'„ R. and R'.. R 5 and R 5 . R« 

i *: ^ ..... ^ , 

-,-h the carbon atom to which they are attached 
Independently form a saturated, partially saturated, or 
grated cyclic or heterocyclic having 3 to 2 0 carbon 

jr T> T3 ' T? R',. R 3 , R 2' R 3' R 3' R « ' *' 

ahoms- and one of R, R » R i' * i» 2 

di££ erent one - . . ^ ^ ^ ^ 1s 

attached to a different carbon atom in the -«~y«l" 
ligand may be bound to form a strap represented by the 

formula 

- (CH 2 ) X -M- (CH 2 ) W -L- (CH 2 ) ,-I - (CH 2 ) y - 

„ v and z independently are integers from 0 
45 TTZ-:,\ ^ are independently selected from the 
g roup consisting of .1*1. al>cenyl. alKynyl. aryl. 
cycloalKyl. heteroaryl. alfcaryl. ~' 
amide, ammonium, oxa, thia. sulfonyl. sulfinyl, 
"ifonamide. phosphoryl. phosphinyl, 

pho sphonium, *eto. ester •^^^£,7^. 
thiocarbonyl. borates, boranes. boraza. sly 

tIU . ..v.-.-nf . and combinations 

silaza and combinations thereof, ana c 

thereof ; 
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and wherein X, Y and Z are independently selected 
from the group consisting of halide, oxo, aquo, hydroxo, 
alcohol, phenol, dioxygen, peroxo, hydroperoxo, 
alkylperoxo, arylperoxo, ammonia, alkylamino, arylamino, 
heterocycloalkyl amino, heterocycloaryl amino, amine 
oxides, hydrazine, alkyl hydrazine, aryl hydrazine, 
nitric oxide, cyanide, cyanate, thiocyanate, isocyanate, 
isothiocyanate, alkyl nitrile, aryl nitrile, alkyl 
isonitrile, aryl isonitrile, nitrate, nitrite azxdo, . _ 
alkyl sulfonic acid, aryl sulfonic acid, alkyl sulfoxxde, 
aryl sulfoxide, alkyl aryl sulfoxide, alkyl sulfenic 
acid, aryl sulfenic acid, alkyl sulfinic acid, aryl 
sulfinic acid, alkyl thiol carboxylic acid, aryl thiol 
carboxylic acid, alkyl thiol thiocarboxylic acid, aryl 
thiol thiocarboxylic acid, alkyl carboxylic acid (such as 
acetic acid, trif luoroacetic acid, oxalic acid) , aryl 
carboxylic acid (such as benzoic acid, phthalic acid) , 
urea, alkyl urea, aryl urea, alkyl aryl urea, thxourea, 
alkyl thiourea, aryl thiourea, alkyl aryl thiourea, 
sulfate, sulfite, bisulfate, bisulfite, thiosulfate, 
thiosulfite, hydrosulfite, alkyl phosphine, aryl 
phosphine, alkyl phosphine oxide, aryl phosphine oxxde 
Ilkyl aryl phosphine oxide, alkyl phosphine sulf ide aryl 
phosphine sulfide, alkyl aryl phosphine sulfxde, alkyl 
phosphonic acid, aryl phosphonic acid, alkyl P^sphxnxc 
acid aryl phosphinic acid, alkyl phosphinous acxd, aryl 
phosphinous acid, phosphate, thiophosphate, phosphxte, 
pyrophosphite , triphosphate , hydrogen phosphate 
dihydrogen phosphate, alkyl guanidino, aryl guanxdxno, 
alkyl aryl guanidino, alkyl carbamate, aryl carbamate, 
; alkyl aryl carbamate, alkyl thiocarbamate aryl 
thiocarbamate, alkyl aryl thiocarbamate, alkyl 
di thiocarbamate, aryl di thiocarbamate , alkyl aryl 
di thiocarbamate, bicarbonate, carbonate, perchlorate, 
chlorate, chlorite, hypochlorite, perbromate, bromate, 
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bromite, hypobromite, tetrahalomanganate, 
tetrafluoroborate, hexaf luorophosphate, 

hexafluoroantimonate, hypophosphite , iodate, penodate, 
me taborate, tetraaryl borate, tetra alkyl borate 
tartrate, salicylate, succinate, citrate, ascorbate, 
saccharide, amino acid, hydroxamic acid, thiotosylate, 
and anions of ion exchange- resins. 

82 The process of claim 79 wherein the non- 
proteinaceous catalyst for the dismutation of superoxide 
is selected from the group consisting of Compounds 1-54 
of Table 1. 

83 The process of claim 79 wherein the non- 
proteinaceous catalyst for the dismutation of superoxide 
Is selected from the group consisting of Compounds 16, 
27, 38, 40, 42, 43, 51, 52, 53, and 54 of Table 1. 

84 The process of claim 80, 81, 82, or 83 wherein 
the non-proteinaceous catalyst is present at a 
concentration of about 0.001 to about 25 weight percent. 

85 The process of claim 80, 81, 82, or 83 wherein 
the non-proteinaceous catalyst is present at a 
concentration of about 0.01 to about 10 weight percent. 

86 The process of claim 80, 81, 82, or 83 wherein 
the non-proteinaceous catalyst is present at a 
concentration of about 0.05 to about 5 weight percent. 

87 The process of claim 64 wherein the unmodified 
biomaterial is a ceramic selected from the group 
consisting of : hydroxyapatite, tricalcxum phosphate, and 
aluminum-calcium-phosphorus oxide. 
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88 The process of claim 87 wherein the non- 
proteinaceous catalyst for the dismutation of superoxide 
is selected from the group consisting of: manganese (II) 
pentaaza complexes, manganese (III) pentaaza complexes, 
iron (ID pentaaza complexes, iron (III) pentaaza 
complexes, manganese (II) salen complexes, manganese 
(III) salen complexes, iron (II) salen complexes, 
iron(III) salen complexes, manganese (II) porphyrin 
complexes, manganese (III) porphyrin complexes, iron (II). 
porphyrin complexes, and iron (III) porphyrin complexes. 

89 The process of claim 87 wherein the non- 
proteinaceous catalyst for the dismutation of superoxide 
is selected from the group consisting of manganese and 
iron chelates of pentaazacyclopentadecane compounds, 
which are represented by the following formula: 




wherein M is a cation of a 
manganese or iron; 
R' 3 , R 4 , R' 4 < R s' R 's' R *' R ' 
im 



transition metal, preferably 
wherein R, R' » R.. R '" R *' R '*' Rj ' 



6 ' 



R' 



1 / «■ 1 ' I "21 

R 8 , R' 8 , R,, and R' 9 



.-dependency represent hydrogen, or substituted or 
unsubstituted alkyl , alkenyl, alkynyl , cycloalkyl, 
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cycloalkenyl, cycloalkylalkyl , cycloalkylcycloalkyl , 
cycloalkenylalkyl, alkylcycloalkyl , alkylcycloalkenyl , 
alkenylcycloalkyl, alkenylcycloalkenyl , heterocyclic, 
aryl and aralkyl radicals; R, or RS and R 2 or RS, R, or 
R< 3 and R 4 or RS, R s or RS and R 6 or R'., R 7 or RS and R, 
or R . i( and R 9 or R' , and R or R' together with the carbon 
atoms to which they are attached independently form a 
substituted or unsubstituted, saturated, partially 
saturated or unsaturated cyclic or heterocyclic having 3 
to 20 carbon atoms; R or R- and R, or RS, R 2 or RS and R 3 
or R' 3 , R, or RS and R 5 or R' Bf R 6 or RS and R 7 or RS, and 
r or R' 8 and R 9 or R' f together with the carbon atoms to 
which they are attached independently form a substituted 
or unsubstituted nitrogen containing heterocycle having 2 
to 20 carbon atoms, provided that when the nitrogen 
containing heterocycle is an aromatic heterocycle which 
does not contain a hydrogen attached to the nitrogen, the 
hydrogen attached to the nitrogen as shown in the above 
formula, which nitrogen is also in the macrocyclic ligand 
or complex, and the R groups attached to the -eluded 
carbon atoms of the macrocycle are absent; R and R , R, 
and RS, R 2 and RS, R 3 and R< 3 , R 4 and RS, R s and R 5 , R 6 

with the carbon atom to which they are attached 
independently form a saturated, partially saturated, or 
unsaturated cyclic or heterocyclic having 3 to 20 carbon 
atoms; and one of R, R S Rw R S, **• R " " * *' 

„ ». «... R,. RS. Rs. R S, R,. and RS together with 

, R', Rx. RS/ R 2 / R S, Ra» R S» R «' 

R 7 , RS. R s, R S, R 9 , * nd R '» WhiCh ±S 

attached to a current carbon atom in the 
ligand may be bound to form a strap represented by the 

formula - 



R s , R' s» R 6' 


R S, 


R 7 / 


a different 


one 


of 


RS, R s, R S» 


R 6 , 


R ' < 



- (CH 2 ) X -M- (CH 2 ) W -L- (CH 2 ) (CH 2 ) y - 
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wherein w. x. y and z independently are integers from o 
"o 10 and M. I. and J are independently selected rem the 
group consisting of alkyl. alkenyl. alkynyl. aryl. 
cycloalkyl. heteroaryl. alkaryl. alkheteroaryl , aza. 
amide, ammonium, oxa. thia, sulfonyl. sulfmyl. 
sulfonamide, phosphoryl, phosphinyl. phosph.no, 
phosphonium. keto. ester, alcohol, carbamate urea 
thiocarbonyl, borates, boranes. boraza, silyl. siloxy, 
silaza and combinations thereof; and combinations 



thereof ; 



0 



70 



75 



and wherein X. Y and Z are independently 
from the group consisting of halide, oxo. aquo. hydroxo. 
alcohol, phenol, dioxygen. peroxo, hydroperoxo, 
alkylpeioxo, arylperoxo. ammonia, alkylamino. arylamino. 
heterocycloalkyl amino, heterocycloaryl amino amine 
oxides hydrazine, alkyl hydrazine, aryl hydrazine. 
Ttric'oxlde. cyanide, cyanate. thiocyanate. isocyanate. 
isothiocyanate. alkyl nitrile, aryl nitnle. alkyl 
tonitrile aryl isonitrile, nitrate, nitrite, azido, 
a ky "u f^acid. aryl sulfonic acid, alkyl sulfoxide, 
aryl sulfoxide, alkyl aryl sulfoxide alkyl sul fen c 
acid aryl sulfenic acid, alkyl sulfimc acid, aryl 
^ f nic^cld. alkyl thiol carboxylic acid, aryl thio 

~*a ' *lkvl thiol thiocarboxylic acid, aryl 
thloH llcarbtxyt-racid, alkyl carboxylic acid .sue, as 
acetic acid, trif luoroacetic acid, oxalic acid) , aryl 
cTrboxylic acid (such as benzoic ""' ^"J^ 
urea, alkyl urea, aryl urea, alkyl aryl urea thiourea, 
alkyl thiourea, aryl thiourea, alkyl aryl thiourea 
sulfate, sulfite, bisulfate. bisulfite thiosul ate. 

thiosulfite. ^ ^iTo^hfne oxide, 

phosphine. alkyl phosphine oxide ary J^ * aryl 
alkyl aryl phosphine oxide, alkyl phosp 

phosphine sulfide, alkyl aryl phosphine sulfide, alkyl 
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phosphonic acid, aryl phosphonic acid, alkyl phoephxnxc 
acid aryl phosphinic acid, alkyl phosphinous acid, aryl 
phosphinous acid, phosphate, thiophosphate , phosphite, 
pyrophosphite, triphosphate, hydrogen phosphate, 
dihydrogen phosphate, alkyl guanidino, aryl guanidino, 
alkyl aryl guanidino, alkyl carbamate, aryl carbamate, 
alkyl aryl carbamate, alkyl thiocarbamate aryl 
thiocarbamate, alkyl aryl thiocarbamate, alkyl 
di thiocarbamate, aryl di thiocarbamate , alkyl aryl 
di thiocarbamate, bicarbonate, carbonate, perchlorate, 
chlorate, chlorite, hypochlorite, perbromate, bromate, 
bromite, hypobromite, tetrahalomanganate, 
tet raf luoroborate , hexaf luorophosphate , 

hexafluoroantimonate, hypophosphite , iodate, perxodate, 
metaborate, tetraaryl borate, tetra alkyl borate, 
tartrate, salicylate, succinate, citrate, ascorbate 
saccharinate, amino acid, hydroxamic acid, thiotosylate, 
and anions of ion exchange resins. 

90 The process of claim 87 wherein the non- 
proteinaceous catalyst for the dictation of superoxide 
is selected from the group consisting of Compounds 1-54 
of Table 1. 

91 The process of claim 87 wherein the non- 
proteinaceous catalyst for the dismutation of superoxide 
is selected from the group consisting of Compounds 16, 
27, 38, 40, 42, 43, 51, 52, 53, and 54 of Table 1. 

92. The process of claim 88, 89, 90, or 91 wherein 
the non-proteinaceous catalyst is present at a 
concentration of about 0.001 to about 25 weight percent. 
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93. The process of claim 88, 89, 90, or 91 
wherein the non-proteinaceous catalyst is present at a 
concentration of about 0.01 to about 10 weight percent. 

94. The process of claim 88, 89, 90, or 91 
wherein' the non-proteinaceous catalyst is present at a 
concentration of about 0.05 to about 5 weight percent. 

95. The process of claim 64 wherein the unmodified 
biomaterial is a polymer selected from the group 
consisting of: polyurethane, polyureaurethane , 
polyalkylene glycols, polyethylene teraphthalate, ultra 
high molecular weight polyethylene, polypropylene, 
polyesters, polyamides, polycarbonates, polyorthoesters, 
polyesteramides , polysiloxane, polyolefins, 
polytetrafluoroethylene, polysulfones, polyanhydrides , 
polyalkylene oxides, polyvinyl halides, polyvinyledene 
halides, acrylic, methacrylic, polyacrylonitnle, 
polyvinyl, polyphosphazene , polyethylene-co-acrylic acn.d, 
silicone, block copolymer of any of the foregoing 
polymers, random copolymers of any of the foregoing 
polymers, graft copolymers of any of the foregoing 
polymers, crosslinked polymers of any of the foregomg 
polymers, hydrogels, and mixtures of any of the foregoing 
polymers . 

96 The process of claim 95 wherein the non- 
proteinaceous catalyst for the dismutation of superoxide 
is selected from the group consisting of: manganese (II) 
pentaaza complexes, manganese (III) pentaaza complexes, 
iron (ID pentaaza complexes, iron (III) pentaaza 
complexes, manganese (II) salen complexes, manganese 
(III) salen complexes, iron (II) salen complexes, 
iron(IH) salen complexes, manganese (II) porphyrin 
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complexes, manganese (III) porphyrin complexes, i~n("> 
porphyrin complexes, and iron(IH) porphyrin complexes. 

97 The process of claim 95 wherein the non- 
proteinaceous catalyst for the dismutation of superoxide 
is selected from the group consisting of manganese and 
iron chelates of pentaazacyclopentadecane compounds, 
which are represented by the following formula: 



!5 




herein M is a cation of a transition m etal preferably 

. ...>,<^«-in R. R' . R lt R'l/ R 2» R 2/ K 3' 



manganese or iron; wherein R, R 



R 6 , R' 



8 ' 



r 9/ and R' 9 



Ldeptden^y represent hydro 9 en, or substituted or 
unsubstituted allcyl. alkenyl, alkynyl. cyoloalfcyl. 
"cloalKenyl. cycloal*ylal>cyl, cycloal.kylcycloal.cyl. 
cycloalHenylalkyl. alkylcycloalkyl . alkylcycloalkenyl . 
aLenylcycloalkyl. alkenylcycloalkenyl heterocyclic. 

. -i _ o t? ' anrl R-. or K ~> , K 3 



aryl and aralkyl radicals; R, or and R, or R ,. 



or R' s and R 6 or R' 6 , R 7 ox 



R 3 or 
R' and R 8 



or »t RS Vnd-R* or R' 'together with the carbon 

ILL to which they are attached independently or™ a 
substituted or unsubstituted, saturated, partially 
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saturated or unsaturated cyclic or heterocyclic having 3 
to 20 carbon atoms; R or R- and R, or R' x , R 2 or R' a and R 3 
or R'„ R 4 or R' 4 and R 5 or R' s , R 6 or R' s and R 7 or R' 7 , and 
R or R' 8 and R, or R' 9 together with the carbon atoms to 
which they are attached independently form a substituted 
or unsubstituted nitrogen containing heterocycle havxng 2 
to 20 carbon atoms, provided that when the nitrogen 
containing heterocycle is an aromatic heterocycle which 
does not contain a hydrogen attached to the nitrogen, the 
hydrogen attached to the nitrogen as shown in the above 
formula, which nitrogen is also in the macrocyclic ligand 
or complex, and the R groups attached to the included, 
carbon atoms of the macrocycle are absent; R and R« , R, 
and RV R 2 and R' a , R 3 and R' 3 , R 4 and R' 4 , R s and R' 5 , R 6 
and R'. f R 7 and R' 7 , R 8 and R' 8 , and R 9 and R' ff together 
with the carbon atom to which they are attached 
independently form a saturated, partially saturated, or 
unsaturated cyclic or heterocyclic having 3 to 20 carbon 
atoms; and one of R, R- . Rx. **• **> R '" R " . *' 



R 5 , R's' R 6» 


R'«/ 


R 7 » 


a different 


one 


of 


R' 4 , R 5 ' R 's' 


R 6 / 


R', 



attached to a airrereiiu — ^ 

ligand may. be bound to form a strap represented by the 

formula 

- (CH 2 ) X -M- (CH 2 ) W -L- (CH 2 ) 2 -I- (CH 2 ) y - 

wherein w, x, y and z independently are integers from 0 
to 10 and M, L and J are independently selected from the 
group consisting of alkyl. alkenyl, alkynyl, aryl, 
cycloalkyl, heteroaryl, alkaryl, alkheteroaryl , aza, 
amide, ammonium, oxa, thia, sulfonyl, sulfinyl, 
sulfonamide, phosphoryl, phosphinyl, phosphxno, 
phosphonium, keto, ester, alcohol, carbamate, urea, 



65 



70 
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thiocarbonyl, borates, boranes, boraza, silyl, siloxy, 
silaza and combinations thereof; and confcinat xons 
thereof; 

and wherein X. Y and Z are independently selected 
from the group consisting of halide. oxo, aquo. hydroxo. 
alcohol, phenol, dioxygen, peroxo, hydroperoxo, 
alkylperoxo, arylperoxo. ammonia, alkylamino, arylamino. 
heterocycloalkyl amino, heterocycloaryl amino, amine 
oxides, hydrazine, alkyl hydrazine, aryl hydrazine, 
nitric oxide, cyanide, cyanate. thiocyanate. isocyanate. 
isothiocyanate. alkyl nitrile. aryl nitrile. alkyl 
•^nitrile aryl isonitrile, nitrate, nitrite, azido. 
Xl sulf^acid. aryl sulfonic acid, alkyl sulfoxide, 
aj sulfoxide, alkyl aryl sulfoxide, alkyl sulfenic 
acid, aryl sulfenic acid, alkyl sulfinic acid, aryl 
3U lfinic acid, alkyl thiol carboxylic acid, aryl thiol 
carboxylic acid, alkyl thiol thiocarboxy 1 ic acid, aryl 
carDoxyn carboxylic acid such as 

thiol thiocarboxylic acid, alkyl carooxyi 
acetic acid, trif luoroacetic acid, oxalic acid) , aryl 
carboxylic acid (such as benzoic acid, phthalic acid, . 
urea! alkyl urea, aryl urea, alkyl aryl urea thiourea, 
alkyl thiourea, aryl thiourea, alkyl aryl thiourea, 
sulfate, sulfite, bisulfate, bisulfite, thiosulfate. 
; thiosulfite, hydrosulfite. alkyl phosphine. aryl 

phosphine, alkyl phosphine oxide, aryl . 
alkyl aryl phosphine oxide, alkyl J"^' ^ 

ohosphine sulfide, alkyl aryl phosphine sulfide, alkyl 
S«ic acid, aryl phosphonic acid, alkyl phosph inic 
o acid aryl phosphinic acid, alkyl phosphinous acid, aryl 
phosphtlLs P acid. phosphate, thiophosphate , phosphite, 
pyrophosphite. triphosphate, hydrogen phosphate, 
dlhyLogen phosphate, alkyl guanidino. aryl guanidino, 
alkyl aryl guanidino, alkyl carbamate, aryl carbamate, 
>S alkyl aryl carbamate, alkyl thiocarbamate aryl 
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100 



Q 

W 105 



ZJ 98 



i- aiwi arvl thiocarbamate , alkyl 

thiocarbamate , alkyl aryi t« 

dithiocarbamate, aryl di thiocarbamate, alkyl aryl 
dithiocarbamate, bicarbonate, carbonate, P*****«^ 
chlorate, chlorite, hypochlorite, perbromate, bromate, 
bromite, hypobromite, tetrahalomanganate , 
tetrafluoroborate, hexaf luorophosphate , 

hexafluoroantimonate, hypophosphite , iodate, penodate, 
me taborate, tetraaryl borate, tetra alkyl 
tartrate, salicylate, succinate, citrate, ascorbate 
saccharide, amino acid, hydroxamic acid, thiotosylate, 
and anions of ion exchange resins. 

98 The process of claim 95 wherein the non- 
proteinaceous catalyst for the dismutation of superoxide 
Is selected from the group consisting of Compounds 1-54 
of Table 1. 

99 The process of claim 95 wherein the non- 
proteinaceous catalyst for the dismutation of supercede 
Is selected from the group consisting of Compounds 16. 
27. 38, 40. 42. 43. SI. 52, 53. and 54 of Table 1. 

10 0 The process of claim 96,' 97. 98, or 99 wherein 
the non-proteinaceous catalyst is present at a 
concentration of about 0.00X to about 25 weight percent. 

* „-i=-im Qfi 97 98, or 99 wherein 

101 The process of claim 96, y/, 

the non-proteinaceous catalyst is present at a 
concentration of about 0.01 to about 10 weight percent. 

102 The process of claim 96, 97, 98, or 99 wherein 
the non-proteinaceous catalyst is present at a 
concentration of about 0.05 to about 5 weight percent. 
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103 The process of claim 64 wherein the unmodified 
biomaterial is a biopolymer selected from the group 
consisting of: chitin, chitosan. cellulose, methyl 
cellulose, hyaluronic acid. Keratin, fibroin, collagen, 
elastin, and saccharide polymers. 

104. The process of claim 103 wherein the non- 
proteinaceous catalyst for the dismutation of 
Is selected from the group consisting of: manganese (II) 
pentaaza complexes, manganese (III) pentaaza complexes, 
iron (II) pentaaza complexes. iron(III) pentaaza 

~~<=> r-r-n salen complexes, manganese 
complexes, manganese (II) saien c 

(III) salen complexes, iron (II) salen complexes, 
rondll) salen complexes. manganese (II) porphyrin 
Lmplexes. manganese (III) porphyrin ^^"ZZ 
porphyrin complexes, and iron(III) porphyrin complexes. 

105 The process of claim 103 wherein the non- 
proteinaceous catalyst for the dismutation of superoxide 
fs selected from the group consisting of manganese and 
iron chelates of pentaazaoyclopentadecane compounds, 
which are represented by the following formula: 
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wherein M is a cation of a transition metal, preferably 
manganese or iron; wherein R, R' . Rn *\/ R 2 ' R ' 2 ' Rj ' 

R'3, R4 / R'.. *>. R " R '" *" R '" Ra ' R ' 8 ' *" ^ ' 

independently represent hydrogen, or substituted or 

unsubstituted alkyl , alkenyl, alkynyl, cycloalkyl, 

cycloalkenyl, cycloalkylalkyl , cycloalkylcycloalkyl, 

cycloalkenylalkyl, alkylcycloalkyl , alkylcycloalkenyl, 

alkenylcycloalkyl, alkenylcycloalkenyl , heterocyclic, 

aryl and aralkyl radicals; R, or R' x and R 2 or R< 2 , R, or 

R'3 and R 4 or R' 4 , R, or R' s and R 6 or R' 6 , R 7 or R' 7 and R. 

or R< 8 , and R 9 or R' 9 and R or R- together with the carbon 

atoms to which they are attached independently form a 

substituted or unsubstituted, saturated, partially 

saturated or unsaturated cyclic or heterocyclic having 3 

to 20 carbon atoms; R or R' and R, or R' lf R 2 or R' a and R 3 

or R'3, R4 or R' 4 and R 5 or R' s , R 6 or R'. and R 7 or R' 7 , and 

R 8 or R's and R 9 or R' 9 together with the carbon atoms to 

which they are attached independently form a substituted 

or unsubstituted nitrogen containing heterocycle having 2 

to 20 carbon atoms, provided that when the nitrogen 

containing heterocycle is an aromatic heterocycle which 

does not contain a hydrogen attached to the nitrogen, the 

hydrogen attached to the nitrogen as shown in the above 

formula, which nitrogen is also in the macrocyclic ligand 

or complex, and the R groups attached to the -eluded 

carbon atoms of the macrocycle are absent; R and R , R* 

and R' lf R 2 and R' 2 , R 3 and R' 3 , R 4 and R' 4f R 5 and R 5 R 6 

and R' 6 , R 7 and R' 7 , R 8 and R' 8 , and R 9 .and R' together 

with the carbon atom to which they are attached 

; independently form a saturated, partially saturated, or 

unsaturated cyclic or heterocyclic having 3 to 20 carbon 

atoms; and one of R. R' . Rx. *'i< **• R '" *>' 3 ' R * ' . * ' 

R S , R 8 , R'„ R, and R' t together with 

L, R', Ri, R'i» R 2' R, 2' Ra ' R ' 3 ' R *' 
r 7 , R' 7 , R 8 , R's, R,. and R' 9 which is 



R s , R's/ R s' 


R's. 


R7 / 


a different 


one 


of 


R' 4 , Rs/ R 's' 


R 6 / 


R' 1 
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attached to a different carbon atom in the -»«^c" e 
ligand may be bound to form a strap represented by the 

formula 

- (CH 2 ) X -M- (CH 2 ) W -L- (CH 2 ) z - 1 - (CH 2 ) y - 

wherein w, x, y and z independently are integers from 0 
To 10 and M, L and J are independently selected rom the 
group consisting of alkyl, alkenyl, alkynyl, aryl, 
!ycloalkyl, heteroaryl, alkaryl, alkheteroaryl , aza, 
amide, ammonium, oxa, thia, sulfonyl, sulfxnyl. 
sulfonamide, phosphoryl, phosphinyl, phosphxno. 
phosphonium, keto, ester, alcohol, carbamate urea 
tniocarbonyl, borates, boranes, boraza, .xlyl. s.loxy, 
silaza and combinations thereof; and combinations 
thereof; 

and wherein X, Y and Z are independently 
from the group consisting of halide, oxo. aquo, hydroxo. 
alcohol, phenol, dioxygen. peroxo, hydroperoxo, 
alKylPeroxo. arylperoxo. ammonia, alkylate. arylam.no. 
heterocycloalkyl amino, heterooycloaryl am.no . amine 
oxides, hydrazine, alkyl hydrazine, aryl hydrazine, 
"trie oxide, cyanide, cyanate, thiocyanate. isocyanate, 

isothiocyanate. alkyl nitrile. aryl nitrile. alkyl 
"nitrile. aryl isonitrile. nitrate, nitr te azido. 

alkyl sulfonic acid, aryl sulfonic acid, alkyl sulfoxide. 

,<= -h» alkvl aryl sulfoxide, .alkyl sulfenic 
aryl sulfoxide, alkyi aiji 

acid, aryl sulfenic acid, alkyl sulfmic add. aryl 
sulf nic^acid. alkyl thiol carboxylic acid, aryl thio 
-, • alkvl thiol thiocarboxylic acid, aryl 

0 acetic acid, trif luoroacetic acid, oxalic acid) , aryl 
carboxylic acid (such as benzoic acid, phthalic acid, 
urea alkyl urea, aryl urea, alkyl aryl urea, thiourea. 
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alkyl thiourea, aryl thiourea, alkyl aryl thiourea, 
sulfate, sulfite, bisulfate. bisulfite, thiosulfate. 
thiosulfite. hydrosulfite. alkyl phosphine. aryl 
phosphine, alkyl phosphine oxide, aryl phosphine > 
alkyl aryl phosphine oxide. alkyl P^ 1 "-^ 1 *^ 1 
phosphine sulfide, alkyl aryl phosphine sulfide, alley! 
phosphonic acid, aryl phosphonic acid, alkyl 
acid aryl phosphinio acid, alkyl phosphinous acid, aryl 
phosphinous acid, phosphate, thiophosphate , phosphite , 
pyrophosphite. triphosphate, hydrogen phosphate, 
dlhydrogen phosphate, alkyl guanidino. aryl guanxd.no. 
!lkyl aryl guanidino. alkyl carbamate, aryl carbamate, 
alkyl aryl carbamate, alkyl thiocarbamate aryl 
thiocarbamate. alkyl aryl thiocarbamate, alkyl 
dithiocarbamate, aryl dithiocarbamate . alkyl aryl 
dithiocarbamate, bicarbonate, carbonate, perchlorate. 
chlorate, chlorite, hypochlorite, perbromate. bromate. 
bromite, hypobromite, tetrahalomanganate . 
tetrafluoroborate, hexaf luorophosphate, 

hexafluoroantimonate, hypophosphite, iodate, penodate, 
metaborate. tetraaryl borate, tetra alkyl 
tartrate, salicylate, succinate, citrate, ascorbate 
sacchari-te. alino acid, hydrcxamic acid, thiotosylate, 
and anions of ion exchange resins. 

106 . The process of claim 103 wherein the non- 

„ Mlvst f 0r the dismutation of superoxide 
Z°llZZ "f regroup consisting of Compounds 1-54 
of Table 1. 

10 7 The process of claim 103 wherein the non- 
proteinaceous catalyst for the dismutation of superoxide 
Is selected from the group consisting of Compounds 16. 
27 38. 40, 42. 43. 51, 52, 53. and 54 of Table 1. 
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108. The process of claim 104, 105, 106, or 107 
wherein the non-proteinaceous catalyst is present at a 
concentration of about 0.001 to about 25 weight percent. 

109. The process of claim 104, 105, 106, or 107 
wherein the non-proteinaceous catalyst is present at a 
concentration of about 0.01 to about 10 weight percent. 

110. The process of claim 104, 105, 106, or 107 
wherein the non-proteinaceous catalyst is present at a 
concentration of about 0.05 to about 5 weight percent. 

111. The process of claim 64 wherein the unmodified 
biomaterial is a composite material essentially 
consisting of a relatively inelastic phase selected from 
the group consisting of: carbon, hydroxy apatite, 

5 tricalcium phosphate, silicates, ceramics, and metals, 
and a relatively elastic phase selected from the group 
consisting of polymers and biopolymers . 

112. The process of claim ill wherein the non- 
proteinaceous catalyst for the dismutation of superoxide 
is selected from the group consisting of: manganese (II) 
pentaaza complexes, manganese (III) pentaaza complexes, 
5 iron (ID pentaaza complexes,, iron (III) pentaaza 

complexes, manganese (II) salen complexes, manganese 
(III) salen complexes, iron (II) salen complexes, 
iron(III) salen complexes, manganese. (II) porphyrin 
complexes, manganese (III) porphyrin complexes, iron (II) 
10 porphyrin complexes, and iron (III) porphyrin complexes. 

113. The process of claim 111 wherein the non- 
proteinaceous catalyst for the dismutation of superoxide 
is selected from the group consisting of manganese and 
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iron chelates of pentaazacyclopentadecane compounds, 
which are represented by the following formula: 




wherein M is a cation of a transition metal, preferably 
manganese or iron; wherein R, R' , Ri, R'i* R 2» R, 2' 

R' a , R 4 , R\. * 5 , R " R '" * 8 ' R ' 8 ' *»' and R ' 9 

independently represent hydrogen, or substituted or 
unsubstituted alkyl, alkenyl, alkynyl, cycloalkyl, 
cycloalkenyl, cycloalkylalkyl , cycloalkylcycloalkyl, 
cycloalkenylalkyl, alkylcycloalkyl , alkylcycloalkenyl, 
alkenylcycloalkyl, alkenylcycloalkenyl, heterocyclic, 
aryl and aralkyl radicals; R x or R\ and R 2 or R' 2 , R 3 or 
R' 3 and R 4 or R' 4 , R 5 or R' 5 and R s or R' 6 , R 7 or R' 7 and R 8 
or R ' 8/ and R 9 or R' 9 and R or R' together with the carbon 
atoms to which they are attached independently form a 
substituted or unsubstituted, saturated, partially 
saturated or unsaturated cyclic or heterocyclic having 3 
to 20 carbon atoms; R or R' and R, or R',, R 2 or R' 2 and R 3 
or RS, R 4 or R' 4 and R* or R' s , R s or R' s and R 7 or R'„ and 
R 8 or R' 8 and R 9 or R' 9 together with the carbon atoms to 
which they are attached independently form a substituted 
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or unsubstituted nitrogen containing heterocycle having 2 
to 20 carbon atoms, provided that when the nitrogen 
containing heterocycle is an aromatic heterocycle which 
does not contain a hydrogen attached to the nitrogen, the 
hydrogen attached to the nitrogen as shown in the above 
formula, which nitrogen is also in the macrocyclic ligand 
or complex, and the R groups attached to the included 
carbon atoms of the macrocycle are absent; R and R 1 , R x 
and R' lf R 2 and R' 2 , R 3 and R' 3 , R 4 and R' 4 , R s and R' s , R 6 
and R' 6 , R 7 and R' 7 , R 8 and R' 8/ and R 9 and R' 9 , together 
with the carbon atom to which they are attached 
independently form a saturated, partially saturated, or 
unsaturated cyclic or heterocyclic having 3 to 2 0 carbon 
atoms; and one of R, R 1 , R x , R'i, R 2 / R/ 2# R 3/ R, 3' R 4/ R, 4/ 
R s , R ' s , R 6 / R/ 6' R7/ R, 7* R 8/ R'si R 9/ and R' 9 together with 
a different one of R, R 1 , R lf R' 1, R 2 / R/ 2/ R 3/ R S/ R 4 / 

R ' 4 , R 5, R 's' R 6/ R/ 6/ R 7' R/ 7/ R 8/ R V R 9 ' ^ R ' 9 Which iS 

attached to a different carbon atom in the macrocyclic 
ligand may be bound to form a strap represented by the 
formula 

- (CH 2 ) X -M- (CH 2 ) W -L- <CH 2 ) Z -I- (CH 2 ) y - 

wherein w, x, y and z independently are integers from 0 
to 10 and M, L and J are independently selected from the 
group consisting of alkyl, alkenyl, alkynyl, aryl, 
cycloalkyl, heteroaryl, alkaryl, alkheteroaryl , aza, 
amide, ammonium, oxa, thia, sulfonyl, sulfinyl, 
sul f onamide , phosphoryl , phosphinyl , phosphino , 
phosphonium, keto, ester, alcohol, carbamate, urea, 
thiocarbonyl , borates, boranes, boraza, silyl, siloxy, 
silaza and combinations thereof; and combinations 
thereof; 
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and wherein X, Y and Z are independently selected 
from the group consisting of halide, oxo, aquo, hydroxo, 
alcohol, phenol, dioxygen, peroxo, hydroperoxo, 
alkylperoxo, arylperoxo, ammonia, alkylamino, arylamino, 
heterocycloalkyl amino, heterocycloaryl amino, amine 
oxides, hydrazine, alkyl hydrazine, aryl hydrazine, 
nitric oxide, cyanide, cyanate, thiocyanate, isocyanate, 
isothiocyanate, alkyl nitrile, aryl nitrile, alkyl 
isonitrile, aryl isonitrile, nitrate, nitrite, azido, 
alkyl sulfonic acid, aryl sulfonic acid, alkyl sulfoxide, 
aryl sulfoxide, alkyl aryl sulfoxide, alkyl sulfenic 
acid, aryl sulfenic acid, alkyl sulfinic acid, aryl 
sulfinic acid, alkyl thiol carboxylic acid, aryl thiol 
carboxylic acid, alkyl thiol thiocarboxylic acid, aryl 
thiol thiocarboxylic acid, alkyl carboxylic acid (such as 
acetic acid, trif luoroacetic acid, oxalic acid) , aryl 
carboxylic acid (such as benzoic acid, phthalic acid) , 
urea, alkyl urea, aryl urea, alkyl aryl urea, thiourea, 
alkyl thiourea, aryl thiourea, alkyl aryl thiourea, 
sulfate, sulfite, bisulfate, bisulfite, thiosulfate, 
thiosulfite, hydrosulf ite, alkyl phosphine, aryl 
phosphine, alkyl phosphine oxide, aryl phosphine oxide, 
alkyl aryl phosphine oxide, alkyl phosphine sulfide, aryl 
phosphine sulfide, alkyl aryl phosphine sulfide, alkyl 
phosphonic acid, aryl phosphonic acid, alkyl phosphinic 
acid, aryl phosphinic acid, alkyl phosphinous acid, aryl 
phosphinous acid, phosphate, thiophosphate, phosphite, 
pyrophosphite, triphosphate, hydrogen, phosphate , 
dihydrogen phosphate, alkyl guanidino, aryl guanidino, 
alkyl aryl guanidino, alkyl carbamate, aryl carbamate, 
alkyl aryl carbamate, alkyl thiocarbamate aryl 
thiocarbamate, alkyl aryl thiocarbamate, alkyl 
di thiocarbamate, aryl dithiocarbamate , alkyl aryl 
dithiocarbamate, bicarbonate, carbonate, perchlorate, 
chlorate, chlorite, hypochlorite, perbromate, bromate, 
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bromite, hypobromite, tetrahalomanganate, 
tetrafluoroborate, hexaf luorophosphate, 

hexafluoroantimonate, hypophosphite, iodate, periodate, 
metaborate, tetraaryl borate, tetra alkyl borate, 
tartrate, salicylate, succinate, citrate, ascorbate 
saccharide, amino acid, hydroxamic acid, thiotosylate, 
and anions of ion exchange resins. 

114 The process of claim 111 wherein the non- 
proteinaceous catalyst for the dismutation of superoxide 
is selected from the group consisting of Compounds 1-54 
of Table 1 . 

115 The process of claim 111 wherein the non- 
proteinaceous catalyst for the dismutation of superoxxde 
is selected from the group consisting of Compounds 16, 
27, 38, 40, 42, 43, 51, 52, 53, and 54 of Table 1. 

116 The process of claim 112, 113, 114, or 115 
wherein the non-proteinaceous catalyst is present at a 
concentration of about 0.001 to about 25 wexght percent 

117 The process of claim 112, 113, 114, or 115 
wherein the non-proteinaceous catalyst is present at a 
concentration of about 0.01 to about 10 weight percent. 

118 The process of claim 112, 113, 114, or 115 
wherein the non-proteinaceous catalyst is present at a 
concentration of about 0.05 to about 5 weight percent. 

119 The process of claim 64 wherein the 
biomaterial is conjugated with a precursor ligand of a 
non-proteinaceous catalyst for the dismutation of 
superoxide, the process further comprising inserting a 
cation into the precursor ligand by reacting the 
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biomaterial modified with the precursor ligand with a 
compound containing a transition metal selected from the 
group consisting of: manganese, and iron; said reaction 
yielding a biomaterial conjugated with an active non- 
proteinaceous catalyst for the dismutation of superoxide. 



120. A process for producing a biomaterial modified 
by co-polymerization with at least one non-proteinaceous 
catalyst for the dismutation of superoxide or at least on 
ligand precursor of a non-proteinaceous catalyst for the 
dismutation of superoxide, the process comprising: 

a. providing at least one monomer; 

b. providing at least one least one non- 
proteinaceous catalyst for the dismutation of 
superoxide or at least one ligand precursor of a 
non-proteinaceous catalyst for the dismutation of 
superoxide containing at least one functional 
group capable of reaction with the monomer and 
also containing at least one functional group 
capable of propagation of the polymerization 
reaction; 

c. copolymerizing the monomers and the non- 
proteinaceous catalyst for the dismutation of 
superoxide or the ligand precursor in a 
polymerization reaction. 

121. The process of claim 12 0 wherein the 
functional group capable of reaction with the monomer and 
the functional group capable of propagation of the 
polymerization reaction are the same functional group. 



122. The process of claim 120 wherein the 
functional group capable of reaction with the monomer is 
selected from the group consisting of: amino ( -NH 2 ) , 
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carboxyl (-OCOH) , isocyanate (-NCO) , mercapto (-SH) , 
hydroxy (-0H) , silyl chloride <-SiCl 2 ) , alkene <-C=CH 2 ) , 
and alkenyl halide (-C=CHX wherein X= Cl, F, Br, I). 

123 The process of claim 120 wherein the non- 
proteinaceous catalyst for the dismutation of superoxide 
is selected from the group consisting of: manganese (II) 
pentaaza complexes, manganese (III) pentaaza complexes, 
iron (ID pentaaza complexes, iron (III) pentaaza 
complexes, manganese (II) salen complexes, manganese 
(III) salen complexes, iron (II) salen complexes, 
iron(HI) salen complexes, manganese (II) porphyrin 
complexes, manganese (III) porphyrin complexes, iron (II) 
porphyrin complexes, and iron(IH) porphyrin complexes. 

124 The process of claim 120 wherein the non- 
proteinaceous catalyst for the dismutation of superoxide 
is selected from the group consisting of manganese and 
iron chelates of pentaazacyclopentadecane compounds, 
which are represented by the following formula: 
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wherein M is a cation of a transition metal, preferably 
manganese or iron; wherein R. R' . R>. R'>. R». R " 

«... r., R-.. «.. «•.. R «- R ~ R '" "v and ' 

independently represent hydrogen, or substituted or 
l0 unsubstituted aikyl. alkenyl. alkynyl. cycloalkyl 
cycloallcenyl, cycloalkylalkyl, cycloalkylcycloalkyl 
oycloalkenylalkyl. alkylcycloalkyl . alkylcycloalkenyl . 
alkenylcycloalkyl. alkenylcycloalkenyl . heterocyclic 
aryl and aralkyl radicals; R, or R', and Rj or R R, or 
1S RS and R. or R'.. R. or R% and R s or R-«. R, or R-, and R. 
or *-., and R, or R- s and R or R 1 together with the carbon 
atoms to which they are attached independently form a 
substituted or unsubstituted, saturated, partially 
saturated or unsaturated cyclic or heterocyclic having 3 
20 to 20 carbon atoms; R or R< and R, or R.„ R. or R . and R 
or R' j. R. °r R' « and R s or »•.. R. or R-. and R, or 
R. or R>. and R, or R- , together with the carbon atoms to 
which they are attached independently form a substituted 
or unsubstituted nitrogen containing heterooycle having 2 
25 to 20 carbon atoms, provided that when the nitrogen 

containing heterocycle is an aromatic heterooycle which 
aoes not contain a hydrogen attached to the ~*«^<«» 
hydrogen attached to the nitrogen as shown in the above 
formuL, which nitrogen is also in the macrocyclic^igand 
30 or complex, and the R groups attached to the included 
carbon atoms of the macrocycle are absent; R and R . R» 
and R' i, R. and R'„ R> and R'„ R. and R-.. R. and R R. 
Tnd R- . R, and R-„ R. and R-.. and R, and R-. together 
with the carbon atom to which they are attached 



35 



with the carDoa au^m — - 

independently form a saturated, partially saturated, or 
unsaturated cyclic or heterocyclic having 3 to 20 carbon 

R',, R 3# R 3' R 4' R *• 



atoms; and one of R, R' , R*. R'w R " 11 ' " "V. 
a different one of R, R' . R>. R '>. 2 ' 2 ' ' **' . 

40 r'„ ».. R «- R ' R? ' R ' " »" and R ' whlch 13 
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attached to a different carbon atom in the -«°^ c 
ligand may be bound to form a strap represented by the 

formula 

- (CH 2 ) X -M- (CH 2 )„-L,- (CH 2 ) (CH 2 ) y - 

wherein w, x, y and « independently are integers from 0 
to 10 and M, L and J are independently selected rom the 
group consisting of alkyl, alkenyl, alkynyl, aryl, ■ 
cycloalkyl, heteroaryl, alkaryl, alkheteroaryl , aza, 
amide, ammonium, oxa, thia, sulfonyl, sulfmyl, 
sulfonamide, phosphoryl, phosphinyl, phosphino, 
phosphonium, keto, ester, alcohol, carbamate urea 
thiocarbonyl, borates, boranes, boraza, s.lyl, sxloxy, 
silaza and combinations thereof; and combinations 
thereof ; 

and wherein X, Y and Z are independently selected 
£rom the group consisting of halide. oxo. aquo, hydroxo. 
alcohol, phenol, dioxygen, peroxo. hydroperoxo. 
alxylpeioxo. arylperoxo.' ammonia, alkylamino, arylam.no. 
heterocycloalkyl amino, heterocycloaryl amino, amrne 
oxides, hydrazine, alkyl hydrazine, aryl hydrazine, 
"trie oxide, cyanide, cyanate, thiocyanate. xsocyanate, 
isothiocyanate, alkyl nitrile. aryl nitrile. alkyl 
isonitrile. aryl isonitrile, nitrate, mtrrte, azido 
a Iky suifoni7acid. aryl sulfonic acid, alkyl sulfox.de. 
5 aryl sulfoxide, alkyl aryl sulfoxide, alkyl sulfenrc 
acid, aryl sulfenic acid, alkyl sulfinic ac.d. aryl 
su f nic^acid, alkyl thiol carboxylic acid, aryl throl 
carboxylic acid, alkyl thiol thiocarboxy rc ac.d. aryl 
thiol thiocarboxylic acid, alkyl carboxylrc acxd (such 
0 acetic acid, trif luoroacetic acid, oxalic acrd) , aryl 
0 carboxylic acid .such as benzoic acid ^ ; 

urea, alkyl urea, aryl urea, alkyl aryl urea, thiourea. 
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alkyl thiourea, aryl thiourea, allcyl aryl thiourea, 
sulfate, sulfite, bisulfate. bisulfite, thiosulfate. 
thiosulfite, hydrosulfite. alkyl phosphine, aryl 
phosphine. alkyl phosphine oxide, aryl phosphine oxide 
alkyl aryl phosphine oxide, alkyl 

phosphine sulfide, alkyl aryl phosphine sulfide, alkyl 
Sonic acid, aryl phosphonic acid, alkyl ^°f™° 
Lid aryl phosphinic acid, alkyl phosphinous acid aryl 
Thosphinous acid, phosphate, thiophosphate phosphite, 
pyrophosphate, triphosphate, hydrogen phosphate 
dlhydrogen phosphate, alkyl guanidino, aryl guanidino. 
alky! aryl guanidino. alkyl carbamate, aryl carbamate, 
alkyl aryl carbamate, alkyl thiocarbamate aryl 
thiocarbamate, alkyl aryl thiocarbamate. alkyl 
dithiocarbamate. aryl dithiocarbamate. alkyl aryl 
dithiocarbamate, bicarbonate, carbonate, perchlorate. 
borate, chlorite, hypochlorite, perbromate. bromate. 
bromite, hypobromite. tetrahalomanganate. _ 
tetrafluoroborate, hexaf luorophosphate, 

hexafluoroantimonate, hypophosphite , iodate, periodate. 
Itaborate. tetraaryl borate, tetra alkyl borate, 
tartrate salicylate, succinate, citrate, ascorbate 
saccharide, amino acid, hydremic acid, thiotosylate. 
and anions of ion exchange resins. 

125 The process of claim 120 wherein the non- 
prot einaceous catalyst for the disputation of superoxide 
is selected from the group consisting of Compounds 1-54 
of Table 1. 

12 6 The process of claim 120 wherein the non- 
proteinaceous catalyst for the disputation of supero-de 
is selected from the group consisting of Compounds 16, 
27 38, 40, 42, 43, 51, 52, 53, and 54 of Table 1. 



196 



MPI 8311 
PATENT 



127. The process of claim 123, 124, 125, or 126 
wherein the non-proteinaceous catalyst is present at a 
concentration of about 0.001 to about 25 weight percent 

128. The process of claim 123, 124, 125, or 126 
wherein the non-proteinaceous catalyst is present at a 
concentration of about 0.01 to about 10 weight percent. 

129. ' The process of claim 123, 124, 125, or 126 
wherein the non-proteinaceous catalyst is present at a 
concentration of about 0.05 to about 5 weight percent. 

130. The process of claim 120 wherein the monomers 
are selected from the group consisting of alkylenes, 
vinyls, vinyl halides, vinyledenes, diacids, acid amines 
diols, alcohol acids, alcohol amines, diamines, ureas, 

5 urethanes , phthalates, carbonic acids, orthoesters, 

esteramines, siloxanes, phosphazenes , olefins, alkylene 
halides, alkylene oxides, acrylic acids, sulfones, 
anhydrides, acrylonitriles , saccharides, and amino acids 

131. The process of claim 130 wherein the non- 
proteinaceous catalyst for the dismutation of superoxide 
is selected from the group consisting of: manganese ( II ) 
pentaaza complexes, manganese (III) pentaaza complexes, 

5 iron (II) pentaaza complexes, iron (III) pentaaza 

complexes, manganese (II) salen complexes, manganese 
(III) salen complexes, iron (II) salen complexes, 
iron (III) salen complexes, manganese (II) porphyrin 
complexes, manganese (III) porphyrin complexes, iron (II) 
10 porphyrin complexes, and iron (III) porphyrin complexes. 

132. The process of claim 131 wherein the non- 
proteinaceous catalyst for the dismutation of superoxide 
is selected from the group consisting of 
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manganese and iron chelates of 
pentaazacyclopentadecane compounds, which are 
represented by the following formula: 



R ^ R-t ^» 

R' 9 \| H 1/ \r 2 



(A, 




wh erein M is a cation of a transition metal . p»« erabXy 
manganese, or iron; wherein R. R- . R,. *,.»..* «• R »' 



R.„ R.. R'.. R.. »'.. R " R " R " ^ R ' 



independently represent hydrogen, or substituted or 
^substituted aikyl. allcenyl. alkynyl. cycloalkyl. 
cycloallcenyl. cycloalKylalXyl . cycloalkylcycloalKyl 
cycloalKenylalkyl. al*ylcycloal*yl . al*ylcycloal,cenyl . 
alfcenylcycloaUcyl. alfcenylcycloalKenyl heterocyclic 
aryl and aralkyl radicals; Ri or R' i and R, or R R, or 
r and R. or R'., R, or R- . and R. or R-.. R, or R-, and R. 
Ir'Z and R, or and R or R- together with the carbon 
atoms to which they are attached independently form a 
substituted or unsubstituted. saturated, P*"" 1 ^. 
saturated or unsaturated cyclic or heterocyclic havxng 3 
to 2 0 carbon atoms; R or R. and Ri or R-,, R. or R- and K, 



R a or R' 



. or K. 4 — 

and R 9 or R' f together with the carbon atoms to 
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which they are attached independently form a substituted 
or unsubstituted nitrogen containing heterocycle having 2 
to 20 carbon atoms, provided that when the nitrogen 
containing heterocycle is an aromatic heterocycle which 
does not contain a hydrogen attached to the nitrogen, the 
hydrogen attached to the nitrogen as shown in the above 
formula, which nitrogen is also in the macrocyclic ligand 
or complex, and the R groups attached to the included 
carbon atoms of the macrocycle are absent; R and R', Rj. 
and R'x, R 2 and R' 2 , R 3 and R' 3 , R 4 and R' 4 , R s and R' s , R 6 
and R' s , R 7 and R' 7 , R 8 and R' 8 , and R 9 and R' 9 , together 
with the carbon atom to which they are attached 
independently form a saturated, partially saturated, or 
unsaturated cyclic or heterocyclic having 3 to 20 carbon 
atoms; and one of R, R' , Ri/ R'i, R 2/ R, 2/ R 3> R, 3' R 4» R '*' 
R 5 , R' 5> R s, R, 6/ R 7* R, 7' R 8 / R V R 9 * and R' 9 together with 
a different one of R, R', R i, R 'i» R 2» R, 2» R 3' R S/ R 4* 

R\, R S , R' S , R 6, R 'e, R 7/ R# 7' R 8' R 'S' R 9' aIld R '9 ^hich iS 

attached to a different carbon atom in the macrocyclic 
ligand may be bound to form a strap represented by the 
formula 

- (CH 2 ) X -M- (CH 2 ) W -L- (CH 2 ) Z -I- (CH 2 ) y - 

wherein w, x, y and z independently are. integers from 0 
to 10 and M, L and J are independently selected from the 
group consisting of alkyl, alkenyl, alkynyl, aryl, 
cycloalkyl, heteroaryl, alkaryl, alkheteroaryl , aza, 
amide, ammonium, oxa, thia, sulfonyl, sulfinyl, 
sulfonamide, phosphoryl, phosphinyl, phosphino, 
phosphonium, keto, ester, alcohol, carbamate, urea, 
thiocarbonyl , borates, boranes, boraza, silyl, siloxy, 
silaza and combinations thereof; and combinations 
thereof ; 
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and wherein X, Y and Z are independently selected 
from the group consisting of halide, oxo, aquo, hydroxo, 
alcohol, phenol, dioxygen, peroxo, hydroperoxo, 
alkylperoxo, arylperoxo, ammonia, alkylamino, arylamino, 
heterocycloalkyl amino, heterocycloaryl amino, amine 
oxides, hydrazine, alkyl hydrazine, aryl hydrazine, 
nitric oxide, cyanide, cyanate, thiocyanate, isocyanate, 
isothiocyanate, alkyl nitrile, aryl nitrile, alkyl 
isonitrile, aryl isonitrile, nitrate, nitrite, azido, 
alkyl sulfonic acid, aryl sulfonic acid, alkyl sulfoxide, 
aryl sulfoxide, alkyl aryl sulfoxide, alkyl sulfenic 
acid, aryl sulfenic acid, alkyl sulfinic acid, aryl 
sulfinic acid, alkyl thiol carboxylic acid, aryl thiol 
carboxylic acid, alkyl thiol thiocarboxylic acid, aryl 
thiol thiocarboxylic acid, alkyl carboxylic acid (such as 
acetic acid, trif luoroacetic acid, oxalic acid) , aryl 
carboxylic acid (such as benzoic acid, phthalic acid) , 
urea, alkyl urea, aryl urea, alkyl aryl urea, thiourea, 
alkyl thiourea, aryl thiourea, alkyl aryl thiourea, 
sulfate, sulfite, bisulfate, bisulfite, thiosulfate, 
thiosulfite, hydrosulfite, alkyl phosphine, aryl 
phosphine, alkyl phosphine oxide, aryl phosphine oxide, 
alkyl aryl phosphine oxide, alkyl phosphine sulfide, aryl 
phosphine sulfide, alkyl aryl phosphine sulfide, alkyl 
phosphonic acid, aryl phosphonic acid, alkyl phosphimc 
acid, aryl phosphinic acid, alkyl phosphinous acid, aryl 
phosphinous acid, phosphate, thiophosphate , phosphite, 
pyrophosphite, triphosphate, hydrogen . phosphate, 
dihydrogen phosphate, alkyl guanidino, aryl guanidino, 
alkyl aryl guanidino, alkyl carbamate, aryl carbamate, 
alkyl aryl carbamate, alkyl thiocarbamate aryl 
thiocarbamate, alkyl aryl thiocarbamate, alkyl 
di thiocarbamate, aryl dithiocarbamate , alkyl aryl 
di thiocarbamate, bicarbonate, carbonate, perchlorate, 
chlorate, chlorite, hypochlorite, perbromate, bromate, 
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bromite, hypobromite, tetrahalomanganate, 
tetrafluoroborate, hexaf luorophosphate, 

Lafluoroantimonate, hypophosphite, ^^£~ tat -' 
me taborate, tetraaryl borate, tetra alkyl borate 
tartrate, salicylate, succinate, citrate, ascorbate 
saccharide, amino acid, hydremic acid, thiotosylate, 
and anions of ion exchange resins. 

133 The process of claim 130 wherein the non- 

ratalvst for the dismutation of superoxide 

of Table 1. 

134 The process of claim 130 wherein the non- 
pro teinaceous catalyst for the dismutation of supercede 
^selected from the group consisting , of Compounds 

27 f 38, 40, 42, 43, 51, 52, 53, and 54 of Table 1. 

135 The process of claim 131, 132, 133, or 134 
v, ..-in the non-proteinaceous catalyst is present at a 

concentration o/ about ..0.x to about 2S weight percent. 

136 The process of claim 131, 132, 133, or 134 

. .„ the non-proteinaceous catalyst is present at a 
concentration c/about ..01 to about 1. weight percent. 

137 The process of claim 131, 132, 133, or 134 
wherein the non-proteinaceous catalyst, is Present at a 
«ration o/about 0..S to ahout S weight percent. 

' 138 The process of claim 120 wherein the 

„■ ial is to-polymerized with a precursor ligand of 

TZ pro i-ceous catalyst for the dismutation of 
superoxide, the process further comprising .nsert.ng a 
, cation into the precursor ligand by reacting the 
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biomaterial modified with the precursor ligand with a 
compound containing a transition metal selected from the 
group consisting of: manganese and iron; said reaction 
yielding a biomaterial co-polymerized with an active non- 
proteinaceous catalyst for the dismutation of superoxide. 

139. A process for producing a biomaterial modified 
by admixture with at least one non-proteinaceous catalyst 
for the dismutation of superoxide or a precursor ligand 
of a non-proteinaceous catalyst for the dismutation of 
superoxide, the process comprising: 

a. providing at least one unmodified biomaterial; 

b. providing at least one non-proteinaceous catalyst 
for the dismutation of superoxide or at least one 
ligand precursor of a non-proteinaceous catalyst 

, for the dismutation of superoxide; and 

c. admixing the unmodified biomaterial and the non- 
proteinaceous catalyst for the dismutation of 
superoxide or the ligand precursor. 

140. The process of claim 139 further comprising 
heating the constituents in order to melt at least one 
unmodified biomaterial constituent. 

141. The process of claim 139 further comprising 
providing during admixture a solvent in which at least 
one the unmodified biomaterial and the non-proteinaceous 
catalyst for the dismutation of superoxide or the ligand 

5 precursor are soluble. 



142. The process of claim 141 further comprising 
removing the solvent after admixing. 
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143 The process o£ claim 142 wherein said solvent 
removal is effected by a method selected from the group 
consisting of evaporation and membrane filtration. 

144 The process of claim 139 wherein the 
biomaterial is admixed with a precursor ligand of a non- 
proleinlceous catalyst for the dismutation of supercede. 
P Z Process further comprising inserting a cation xnto 
the precursor ligand by reacting the biomaterial modified 
with the precursor ligand with a compound containing a 
Transition metal selected from the group consisting of 

... and iron; said reaction yielding a biomaterial 
SS"^-^ non-proteinaceous catalyst for the 
dismutation of superoxide. 

145 . The process of claim 139 wherein the admixed 
constituents form a solution. 

14 6 The process of claim 139 wherein the non- 
pro teinaceous catalyst for the dismutation of superoxide 
Ts selected from the group consisting of 

„„ naripae (ill) pentaaza complexes, 
nentaaza complexes, manganeseu^' v 

Iron (XI) Pentaaza complexes, ironUH, P«£" 
complexes, manganese (II) salen complexes, manganese 
UII) salen complexes, iron (II) salen complexes, 
ron HI) salen complexes, manganese (II) porphyrin 
flexes manganese (III) porphyrin complexes, iron (II) 
complexes, ma g lron(I n) porphyrin complexes, 

porphyrin complexes, and iron (in J P v 



5 



147 The process of claim 13 9 wherein the non- 
proteinaceous catalyst for the dismutation of superoxide 
fs selected from the group consisting of manganese and 
iron chelates of pentaazacyclopentadecane compounds, 
which are represented by the following formula: 
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15 



20 




\ 



H 



wherein H is a cation of a transition metal, P"f"ably 
manganese or iron, wherein R, a-. R,. «'» »" * *' R , 

10 independently represent hydrogen, or substituted or 
unsubstituted allcyl. alfcenyl. al>cynyl, 
cycloalfcenyl, cycloalkylalkyl , cycloalkylcycloalkyl 
cycloalKenylalkyl. alKylcy=loal>cyl. al>cylcycloal*enyl . 
aLenyloycloal-cyl. alkenylcycloalfcenyl . heterocy clic. 
aryl and aralkyl radicals.- R, or R' i and R, or R- R, or 
RS and R, or R'.. R, or and R. or R'«. R, or R-, and R. 
or R'„ and R, or and R or.R- together with the carbon 
atoms to which they are attached independently form a 
substituted or unsubstituted, saturated, partially 
saturated or unsaturated cyclic or heterocyclic having 3 
to 20 carbon atoms; R or R' and R> or »•„ R, or R , and R, 
R , R) or R-. and R 5 or R'.. R 5 or R-. and R, or R',. and 
r or R.. and R, or ... together with the carbon atoms to 
wnich they are attached independently form a ^-ituted 
25 or unsubstituted nitrogen containing heterocycle having 2 
to 20 carbon atoms, provided that when the nitrogen 
containing heterocycle is an aromatic heterocycle which 
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does not contain a hydrogen attached to the nitrogen, the 
hyd rogen attached to the nitrogen as shown in the above 
formula, which nitrogen is also in the ^ 
or complex, and the R groups attached to the included 
carbon atoms of the macrooycle are absent; > and R . R t 
and R'„ R, and «•,. R, and »•„ «. and R'.. *s and «■ R s 
tn' . r! and RS. R. and v.. and R, and R- together 
with the carbon atom to which they are attached 
independently form a saturated, partially saturated, or 
—ated cyclic or heterocyclic having 3 to 30 carbon 
, tomg . and one of R, R / Rw R i' Rz ' 

acorns, <ai^ *-^rr^1-h<*<r With 



R s/ R' 5 , R 6 » 


R' 6 , 


R 7 / 


a different 


one 


of 


R' 4 , R 5 » R 's' 


R s , 


R\ 



attached to a ^ represe nted by the 

ligand may be bound to form a strap repr 

formula 

- (CH 2 ) X -M- (CH 2 ) W -L- (CH 2 ) (CH 2 ) y - 

v, ~in w x y and z independently are integers from 0 
To": anl'M , and , are independently selected from the 
group consisting of alKyl. alxenyl, alkynyl. aryl 
cycloalKyl, heteroaryl. alxaryl. al xheteroaryl . 
amide, ammonium, oxa, thia. sulfonyl. sulfinyl, 
sulfonamide, phosphoryl. phosphinyl. 
phosphonium, xeto, ester, alcohol, carbamate urea 
thiocarbonyl, borates, boranes, boraza, .ilyl. eHoxy. 
silaza and combinations thereof; and combinations 
thereof ; 

and wherein X, V and Z are independently selected 
from the group consisting of halide. oxo, aguo, hydroxo 
alcohol, phenol, dioxygen, peroxo. hydroperoxo, _ 
alKylperoxo. arylperoxo. .ammonia, alxylamino. arylam.no 
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65 



70 



75 



80 




205 MPI 8311 

PATENT 



85 



heterocycloalkyl amino, heterocycloaryl amino, amxne 
oxides, hydrazine, alkyl hydrazine, aryl hydrazine, 
nitric oxide, cyanide, cyanate, thiocyanate, isocyanate, 
isothiocyanate, alkyl nitrile, aryl nitrile, alkyl 
isonitrile, aryl isonitrile, nitrate, nitrite 
al k yl sulfonic acid, aryl sulfonic acid, alkyl sulfoxide, 
aryl sulfoxide, alkyl aryl sulfoxide, alkyl sulfenic 
acid, aryl sulfenic acid, alkyl sulfinic acid, aryl 
sulfinic acid, alkyl thiol carboxylic acid, aryl thiol 
carboxylic acid, alkyl thiol thiocarboxylic acid, aryl 
thiol thiocarboxylic acid, alkyl carboxylic acid (such as 
acetic acid, trif luoroacetic acid, oxalic acid) , aryl 
carboxylic acid (such as benzoic acid, phthalic acid) , 
urea, alkyl urea, aryl urea, alkyl aryl urea, thiourea, 
aikyl thiourea, aryl thiourea, alkyl aryl thiourea, 
sulfate, sulfite, bisulfate, bisulfite, thiosulfate, 
thiosulfite, hydrosulfite, alkyl phosphine, aryl 
phosphine, alkyl phosphine oxide, aryl ph osphine , oxxdc > 
alkyl aryl phosphine oxide, alkyl phosphine sulfide aryl 
phosphine sulfide, alkyl aryl phosphine sulfide, alkyl 
p h osphonic acid, aryl phosphonic acid, alkyl P^sphinic 
Lid. aryl phosphinic acid, alkyl phosphinous acid, aryl 
phosphinous acid, phosphate, thiophosphate, phosphite, 
pyrophosphite, triphosphate, hydrogen phosphate, 
dlhydrogen phosphate, alkyl guanidino, aryl guanidino, 
alkyl aryl guanidino, alkyl carbamate, aryl carbamate, 
alkyl aryl carbamate, alkyl thiocarbamate aryl 
thiocarbamate, alkyl aryl thiocarbamate, alkyl 
dithiocarbamate, aryl di thiocarbamate, alkyl aryl 
dithiocarbamate, bicarbonate, carbonate, perchlorate, 
, chlorate, chlorite, hypochlorite, perbromate, bromate, 
bromite, hypobromite, tetrahalomanganate, 
tetraf luoroborate , hexafluor ©phosphate , 

hexafluoroantimonate, hypophosphite, iodate, periodate, 
m etaborate, tetraaryl borate, tetra alkyl borate, 
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tartrate, salicylate, succinate, citrate, ascorbate, 
saccharinate, amino acid, hydroxamic acid, thiotosylate, 
and anions of ion exchange resins. 

148. The process of claim 139 wherein the non- 
proteinaceous catalyst for the dismutation of superoxide 
is selected from the group consisting of Compounds 1-54 
of Table 1 . 

149. The process of claim 139 wherein the non- 
proteinaceous catalyst for the dismutation of superoxide 
is selected from the group consisting of Compounds 16, 
27, 38, 40, 42, 43, 51, 52, 53, and 54 of Table 1. 

150. The process of claim 146, 147, 148, or 149 
wherein the non-proteinaceous catalyst is present at a 
concentration of about 0.001 to about 25 weight percent 

151. The process of claim 146, 147, 148, or 149 
wherein the non-proteinaceous catalyst is present at a 
concentration of about 0.01 to about 10 weight percent. 

152. The process of claim 146, 147, 148, or 149 
wherein the non-proteinaceous catalyst is present at a 
concentration of about- 0.05 to about 5 weight percent. 

153. The process of claim 139 wherein the 
unmodified biomaterial is selected from the group 
consisting of: ceramics, polymers, biopolymers, and 
composites thereof . 

154. The process of claim 13 9 wherein the 
unmodified biomaterial is a ceramic selected from the 
group consisting of: hydroxyapatite, tricalcium 
phosphate, and aluminum- calcium-phosphorus oxide. 
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155 The process of claim 154 wherein the non- 
proteinaceous catalyst for the dismutation of superoxide 
is selected from the group consisting of manganese (II) 
pentaaza complexes, manganese (III) pentaaza complexes, 
iron (ID pentaaza complexes, iron(III) pentaaza 
complexes, manganese (II) salen complexes, manganese 
(III) salen complexes, iron (II) salen complexes, 
iron(III) salen complexes, manganese (II) porphyrin 
complexes, manganese (III) porphyrin complexes, iron (II) 
porphyrin complexes, and iron(III) porphyrin complexes. 

156 The process of claim 154 wherein the non- 
proteinaceous catalyst for the dismutation of superoxide 
is selected from the group consisting of manganese and 
iron chelates of pentaazacyclopentadecane compounds, 
which are represented by the following formula: 



R'a I I / H 



(Z)n 




wherein M is a cation of a transition metal, preferably 
^nganese or iron; wherein R. R' . R,. «' «.. *' 

independently represent hydrogen, or substituted or 



10 



20 



25 



30 
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unsubstituted alkyl, alkenyl, alkynyl, cycloalkyl, 
cycloalkenyl, cycloalkylalkyl , cycloalkylcycloalkyl , 
cycloalkenylalkyl, a lkyl cycloalkyl , alkylcycloalkenyl , 
alkenylcycloalkyl , alkenylcycloalkenyl , heterocyclic, 
aryl and aralkyl radicals; R x or RS and R 2 or R' 2/ R 3 or 
15 R' 3 and R 4 or R' 4 , R 5 or RS and R 6 or R' 6 , R 7 or R' 7 and R 8 
or r< 8 , and R 9 or RS and R or R' together with the carbon 
atoms to which they are attached independently form a 
substituted or unsubstituted, saturated, partially 
saturated or unsaturated cyclic or heterocyclic having 3 
to 20 carbon atoms; R or R' and R, or R' lf R 2 or RS and R 3 
or r- 3 , R 4 or RS and R s or R' 9 , R 6 or RS and R 7 or R' 7 , and 
r or R'a and R 9 or R' f together with the carbon atoms to 
which they are attached independently form a substituted 
or unsubstituted nitrogen containing heterocycle having 2 
to 20 carbon atoms, provided that when the nitrogen 
containing heterocycle is an aromatic heterocycle which 
does not contain a hydrogen attached to the nitrogen, the 
hydrogen attached to the nitrogen as shown in the above 
formula, which nitrogen is also in the macrocyclic ligand 
or complex, and the R groups attached to the included 
carbon atoms of the macrocycle are absent; R and RS 
and R' i» R 2 and R' a . R 3 and R'„ R 4 and R' 4 , R s and R' R 
and R'., R, and RS, R 8 and RS, and R 9 and R%, together 
with the carbon atom to which they are attached 
independently form a saturated, partially saturated, or 
unsaturated cyclic or heterocyclic having 3 to 20 carbon 

atoms; and one of R, RS Rw R'n **• R .'" R 3' R '- R " 

R 8 , RS, R»» and RS together with 



Ri 
* 8 



35 





R s , RS' R 6' 


RS/ 


R 7 , R ' 7 1 




a different 


one 


of R, R' 


40 


RS' R 5' R 'S' 


R 6 ' 


RS' R 7' 



8 ' 

RS 1 . R 8 ' R 'S' R 9' aIld R ' 9 WhiCh ±S 



Rw R 'i' R 2' R '=" Rs ' R ' 3 ' R *' 



attached to a qih-cxcu^ v.— 

ligand may be bound to form a strap represented by the 

formula 
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- (CH 2 ) X -M- (CH 2 ) W -L- (CH 2 ) Z -I- (CH 2 ) y - 

wherein w, x, y and z independently are integers from 0 
to 10 and M, L and J are independently selected from the 
group consisting of alkyl. alkenyl, alkynyl, aryl, 
cycloalkyl, heteroaryl. alkaryl, alkheteroaryl , aza, 
amide, ammonium, oxa, thia, sulfonyl, sulfmyl, 
sulfonamide, phosphoryl, phosphinyl, phosphxno, 
phosphonium, keto, ester, alcohol, carbamate, urea, 
thiocarbonyl, borates, boranes, boraza, silyl. siloxy, 
silaza and combinations thereof; and combinations 
thereof ; 

and wherein X, Y and Z are independently selected 
from the group consisting of halide, oxo, aquo, hydroxo, 
alcohol, phenol, dioxygen, peroxo, hydroperoxo, 
alkylperoxo, arylperoxo, ammonia, alkylamino, arylamxno, 
heterocycloalkyl amino, heterocycloaryl ammo, amine 
oxides, hydrazine, alkyl hydrazine, aryl hydrazine, 
nitric oxide, cyanide, cyanate, thiocyanate, isocyanate, 
isothiocyanate, alkyl nitrile, aryl nitrile, alkyl 
isonitrile, aryl isonitrile, nitrate, nitrite, azido, 
alkyl sulfonic acid, aryl sulfonic acid, alkyl sulfoxide, 
aryl sulfoxide, alkyl aryl sulfoxide, alkyl sulfemc 
acid, aryl sulfenic acid, alkyl sulfinic acid, aryl 
sulfinic acid, alkyl thiol carboxylic acid, aryl thiol 
carboxylic acid, alkyl thiol thiocarboxylic acid, aryl 
thiol thiocarboxylic acid, alkyl carboxylic acid (such as 
, acetic acid, trif luoroacetic acid, oxalic acid) , aryl 
carboxylic acid (such as benzoic acid, phthalic acid) , 
urea, alkyl urea, aryl urea, alkyl aryl urea, thiourea, 
alkyl thiourea, aryl thiourea, alkyl aryl thiourea, 
sulfate, sulfite, bisulfate, bisulfite, thiosulfate, 
5 thiosulfite, hydrosulfite, alkyl phosphine, aryl 

phosphine, alkyl phosphine oxide, aryl phosphine oxide, 
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alkyl aryl phosphine oxide, alkyl phosphine sulfide, aryl 
phosphine sulfide, alkyl aryl phosphine sulfide, alkyl 
phosphonic acid, aryl phosphonic acid, alkyl phosphimc 
acid aryl phosphinic acid, alkyl phosphinous acid, aryl 
phosphinous acid, phosphate, thiophosphate, phosphite, 
pyrophosphite, triphosphate, hydrogen phosphate, 
dihydrogen phosphate, alkyl guanidino, aryl guanidxno, 
alkyl aryl guanidino, alkyl carbamate, aryl carbamate, 
alkyl aryl carbamate, alkyl thiocarbamate aryl 
thiocarbamate, alkyl aryl thiocarbamate, alkyl 
dithiocarbamate, aryl di thiocarbamate, alkyl aryl 
dithiocarbamate, bicarbonate, carbonate, perchlorate, 
chlorate, chlorite, hypochlorite, perbromate, bromate, 
bromite, hypobromite, tetrahalomanganate, 
tetraf luoroborate , hexaf luorophosphate , 

hexafluoroantimonate, hypophosphite, iodate, periodate, 
m etaborate, tetraaryl borate, tetra alkyl borate 
tartrate, salicylate, succinate, citrate, ascorbate 
saccharinate, amino acid, hydroxamic acid, thiotosylate, 
and anions of ion exchange resins. 



157 The process of claim 154 wherein the non- 
proteinaceous catalyst for the dismutation of superoxide 
is selected from the group consisting of Compounds 1-54 
of Table 1. 

158 The process of claim 154 wherein the non- 
proteinaceous catalyst for the dismutation of superoxide 
is selected from the group consisting of Compounds 16, 
27, 38, 40, 42, 43, 51, 52, 53, and 54 of Table 1. 

159 The process of claim 155, 156, 157, or 158 
wherein the non-proteinaceous catalyst is present at a 
concentration of about 0.001 to about 25 weight percent 



211 



MPI 8311 
PATENT 



160. The process of claim 155, 156, 157, or 158 
wherein the non-proteinaceous catalyst is present at a 
concentration of about 0.01 to about 10 weight percent. 

161. The process of claim 155, 156, 157, or 158 
wherein the non-proteinaceous catalyst is present at a 
concentration of about 0.05 to about 5 weight percent.. 

162. The process of claim 139 wherein the 
unmodified biomaterial is a polymer selected from the 
group consisting of: polyurethane , polyureaurethane, 
polyalkylene glycols, polyethylene teraphthalate, ultra 
high molecular weight polyethylene, polypropylene, 
polyesters , polyamides , polycarbonates , polyorthoesters , 
polyesteramides , polysiloxane , polyolef ins , 
polytetraf luoroethylene , polysulf ones , poly anhydrides , 
polyalkylene oxides, polyvinyl halides, polyvinyledene 
halides, acrylic, methacrylic, polyacrylonitrile, 
polyvinyl, polyphosphazene, polyethylene-co-acrylic acid, 
silicone, block copolymer of any of the foregoing 
polymers, random copolymers of any of the foregoing 
polymers, graft copolymers of any of the foregoing 
polymers, crosslinked polymers of any of the foregoing 
polymers, hydrogels, and mixtures of any of the foregoing 
polymers. 

163. The process of claim 162 wherein the non- 
proteinaceous catalyst for the dismutation of superoxide 
is selected from the group consisting of manganese (II) 
pentaaza complexes, manganese (III) pentaaza complexes, 
iron (II) pentaaza complexes, iron (III) pentaaza 
complexes, manganese (II) salen complexes, manganese 
(III) salen complexes, iron (II) salen complexes, 

iron (III) salen complexes, manganese (II) porphyrin 
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complexes, manganese (III) porphyrin complexes, iron (II) 
10 porphyrin complexes, and iron (III) porphyrin complexes. 

164 The process of claim 162 wherein the non- 
proteinaceous catalyst for the dismutation of superoxide 
is selected from the group consisting of manganese and 
iron chelates of pentaazacyclopentadecane compounds, 
5 which are represented by the following formula: 




10 



15 



wherein M is a cation of a transition metal, preferably 

manganese or iron; wherein R, R' . Rx. *' *>. *' 

R... R 4 , R' «/ R.. H.. R'.. RS. R '" R - ' 

independently represent hydrogen, or substituted or 
unsubstituted alkyl, alkenyl, alkynyl, cycloalkyl 
cycloalkenyl, cycloalkylalkyl , cycloalkylcycloalkyl , 
cycloalkenylalkyl, alkylcycloalkyl, alkylcycloalkenyl , 
alkenylcycloalkyl, alkenylcycloalkenyl , heterocyclic, 
aryl and aralkyl radicals; R, or R' t and R 2 or R'„ R, or 
RS and R 4 or R' 4 . R s or R' 5 and R 6 or R' 6 , R 7 or R T and R 8 
or R .. f and R 9 or R' 9 and R or R 1 together with the carbon 
atoms to which they are attached independently form a 
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20 



25 



35 



substituted or unsubstituted, saturated, partially 
saturated or unsaturated cyclic or heterocyclic having 3 
to 20 carbon atoms; R or R- and R, or R->. R 3 or R-, and R, 
° R' R. or R'. and R 5 or R- 5 . R. or R-. and R, or »•„ and 
° « r.. and R, or R-. together with the carbon atoms to 
which they are attached independently form a substituted 
Z unsuLtituted nitrogen containing heterocycle having 2 
co 20 carbon atoms, provided that when the -«°9 en 
containing heterocycle is an aromatic heterocycle which 
does not contain a hydrogen attached to the ni «°9- ^he 
hyd rogen attached to the nitrogen as shown in the above 
I0 rmuL. which nitrogen is also in the macrocyclic ligand 
or complex, and the R groups attached to the included 
carbon atoms of the macrocycle are absent, R and R , R, 
and R'„ R, and R'„ R, and R-„ R, and R-.. R, and R , . R« 
a:" R- R, and R-„ R. and R>.. and R, 
with the carbon atom to which they are attached 
Independently form a saturated, partially "'"'^V^ 
unsaturated cyclic or heterocyclic having 3 to 20 carbon 

atoms- and one of R. R' . *w R - "J R " 

atoms, a „...= »'.. R., and R', together with 



R„ R'„ R,, R'«. K„ R'„ R.. R'.' R »- 



. different one of . «V - « ^ u 

- :;vactd R ;:- .-^ ^» v - - — . 

ligand may be bound to form a strap represented by. the 
formula 

- (CH 2 ) X -M- (CH 2 ) W -L- (CH 2 ) Z -I- (CH 2 ) y - 

„ vandz independently are integers from 0 

45 rr-;, T -» « ^ -r ted r che 

group consisting of alkyl. alkenyl. alkynyl. aryl 
cycloallcyl, heteroaryl. alKaryl. alKheteroaryl aza. 
amide, a^nonium. oxa. thia, sulfonyl, sulfinyl. 
50 sulfonamide, phosphoryl. phosphinyl. phosphino, 
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phosphonium, keto, ester, alcohol, carbamate, urea, 
thiocarbonyl, borates, boranes, boraza, silyl, siloxy, 
ilaza and combinations thereof; and combinations 



s 

thereof ; 



and wherein X, Y and Z are independently selected 
from the group consisting of halide, oxo, aquo, hydroxo, 
alcohol, phenol, dioxygen, peroxo, hydroperoxo, 
alkylperoxo, arylperoxo, ammonia, alkylamino, arylamxno, 
heterocycloalkyl amino, heterocycloaryl amino, amine 
oxides, hydrazine, alkyl hydrazine, aryl hydrazine, 
nitric oxide, cyanide, cyanate, thiocyanate, isocyanate, 
isothiocyanate, alkyl nitrile, aryl nitrile, alkyl 
isonitrile, aryl isonitrile, nitrate, nitrite, *zido, 
alkyl sulfonic acid, aryl sulfonic acid, alkyl sulfox.de, 
aryl sulfoxide, alkyl aryl sulfoxide, alkyl sulfemc 
acid aryl sulfenic acid, alkyl sulfinic acid, aryl 
sulfinic acid, alkyl thiol carboxylic acid, aryl thiol 
carboxylic acid, alkyl thiol thiocarboxylic acid, aryl 
thiol thiocarboxylic acid, alkyl carboxylic acid (such as 
acetic acid, trif luoroacetic acid, oxalic acid) , aryl 
carboxylic acid (such as benzoic acid, phthalic add), 
urea, alkyl urea, aryl urea, alkyl aryl urea, thiourea, 
alkyl thiourea, aryl thiourea, alkyl aryl thiourea, 
sulfate, sulfite, bisulfate, bisulfite, thiosulfate, 
j thiosulfite, hydrosulfite, alkyl phosphine, aryl 

phosphine, alkyl phosphine oxide, aryl phosphine oxide 
alkyl aryl phosphine oxide, alkyl phosphine sulfide aryl 
phosphine sulfide, alkyl aryl phosphine sulfide, alkyl 
phosphonic acid, aryl phosphonic acid, alkyl phosphinic 
0 acid, aryl phosphinic acid, alkyl phosphinous acid, aryl 
phosphinous acid, phosphate, thiophosphate , phosphite, 
pyrophosphite, triphosphate, hydrogen phosphate, 
dihydrogen phosphate, alkyl guanidino, aryl guanidino, 
alkyl aryl guanidino, alkyl carbamate, aryl carbamate, 
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alkyl aryl carbamate, alkyl thiocarbamate aryl 
thiocarbamate, alkyl aryl thiocarbamate, alkyl 
di thiocarbamate, aryl di thiocarbamate, alkyl aryl 
dithiocarbamate, bicarbonate, carbonate, perchlorate, 
chlorate, chlorite, hypochlorite, perbromate, bromate, 
bromite, hypobromite, tetrahalomanganate, 
tetraf luoroborate , hexaf luorophosphate , 

hexafluoroantimonate, hypophosphite, iodate, periodate, 
metaborate, tetraaryl borate, tetra alkyl borate, 
tartrate, salicylate, succinate, citrate, ascorbate 
saccharinate, amino acid, hydroxamic acid, thxotosylaf , 
and anions of ion exchange resins. 

165 The process of claim 162 wherein the non- 
proteinaceous catalyst for the dismutation of superoxide 
is selected from the group consisting of Compounds 1-54 
of Table 1. 

166. The process of claim 162 wherein the non- 
proteinaceous catalyst for the dismutation of superox.de 
is selected from the group consisting of Compounds 16, 
27, 38, 40, 42, 43, 51, 52, 53, and 54 of Table 1. 

167 The process of claim 163, 164, 165, or 166 
wherein the non-proteinaceous catalyst is present at a 
concentration of about 0.001 to about 25 wexght percent 

168 The process of claim 163, 164, 165, or 166 
wherein the non-proteinaceous catalyst is present at , 
concentration of about 0.01 to about 10 weight percent. 

169 The process of claim 163, 164, 165, or 166 
wherein the non-proteinaceous catalyst is present at a 
concentration of about 0.05 to about 5 weight percent. 
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170. The process of claim 139 wherein the 
unmodified biomaterial is a biopolymer selected from the 
group consisting of: chitin, chitosan, cellulose, methyl 
cellulose, hyaluronic acid, keratin, fibroin, collagen, 
elastin, and saccharide polymers. 

171. The process of claim 170 wherein the non- 
proteinaceous catalyst for the dismutation of superoxide 
is selected from the group consisting of manganese (II) 
pentaaza complexes, manganese (III) pentaaza complexes, 
iron (ID pentaaza complexes, iron(III) pentaaza 
complexes, manganese (II) salen complexes, manganese 
(III) salen complexes, iron (II) salen complexes, 
iron(III) salen complexes, manganese (II) porphyrin 
complexes, manganese (III) porphyrin complexes, iron (II) 
porphyrin complexes, and iron(IH) porphyrin complexes. 

172 The process of claim 170 wherein the non- 
proteinaceous catalyst for the dismutation of superoxide 
is selected from the group consisting of manganese and 
iron chelates of pentaazacyclopentadecane compounds, 
which are represented by the following formula: 
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wherein K is a cation of a transition metal, preferably 
manganese or iron; wherein R, R' . «'.. • »»■ 

». R R'«< R,. R'.. «" R '" *" ^ ' 

independently represent hydrogen, or substituted or 

^substituted alXyl. alKenyl, «^ l0 f 
Ccloalkenyl. cycloal-cylalKyl . cycloaUcylcycloalkyl 
cy cloal*enylal,cyl. al*ylcycloal,cyl , alKylcycloalkenyl . 
aI k enylcycloal*yl. al.enylcycloal.enyl, heterocyclic 
aryl and aralkyl radicals; R, or R-, and R, or R R, or 

» ™- R' R or R' s and R s or R'„ R, or R', and R. 
R o ;'R. nd and R, or R and R or R 1 together with the carbon 
a IoL"to which they are attached independently for* a 
substituted or unsubstituted. saturated, partially 
saturated or unsaturated cyclic or heterocyclic having 3 
" 2 . carbon .to-,- - or R' and Ri or R-,, H. or 

j « *r p' R. or R' fi and R 7 or R 7 ' ana 
^ P / p or R' 4 and R s or R 5 ' K e Ui 

4 ^ p ^ R' together with the carbon atoms to 

: r unsubstituted nitrogen containing heterocycle having 2 
Z lo carbon atoms, provided that when the 
• containing heterocycle is an aromatic heterocycle which 
aoes not contain a hydrogen attached to the nitrogen the 
^rogen attached to the nitrogen as shown in the above 
formula, which nitrogen is also in the macrocycl c ligand 
, l/complex, and the R groups attached to the included 

carbon atoms of the macrocycle are absent; R and R , R, 
• 7r" R and R'„ Rj and R'„ R. and R'.. R, and R'„ R. 

r.:: s ~ *. and .... a nd R , -j^-*- 

with the carbon atom to which they are attached 
5 Independently form a saturated partial > — ^ 
unsaturated cyclic or heterocyclxc havmg 3 to 

™ - r v,*:: r r : Z XZZ^ - 



i 5 , R'„ R,, R' s' K„ R' " 8 ' 

a different one of R, R" » «w »'w ' " 
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attached to a different carbon atom in the 

ligand may be bound to form a strap represented by the 

formula 

- (CH 2 ) X -M- (CH 2 ) W -L~ (CH a ) z-I- (CH 2 ) y - 

wherein w, x, y and z independently are integers from 0 
To 10 and M, L and J are independently selected rem the 
group consisting of alkyl. alkenyl, alkynyl, aryl, 
cycloalkyl, heteroaryl, alkaryl, alkheteroaryl , aza, 
amide, ammonium, oxa, thia, sulfonyl, sulfxnyl, 

sulfonamide, phosphoryl, phosphinyl, phosphmo, 
phosphonium, keto, ester, alcohol, carbamate urea 

thiocarbonyl, borates, boranes, boraza, sxlyl, s.loxy, 

silaza and combinations thereof; and combxnatxons 

thereof ; 

and wherein X, Y and Z are independently 
from the group consisting of halide. oxo, aouo. hydroxo, 
alcohol, phenol, dioxygen, peroxo, hydroperoxo, 
flxylperoxo, arylperoxo. a^onia. alkylamino, arylam.no, 
heterocycloalkyl amino, heteroc ^^ ^^ 
oxides hydrazine, alkyl hydrazine, aryl hydrazine, 
°J d ric' oxide, cyanide, cyanate, thiocyanate. isocyanate, 
isothiocyanate. alkyl nitrile. aryl mtnle alkyl 
=onitrile aryl isonitrile. nitrate, mtnte. azido, 
ky "u ^facid, aryl sulfonic acid, alkyl sulfoxide. 
; aryl sulfoxide, alkyl aryl sulfoxide, alkyl sulfenic 
acid, aryl sulfenic acid, alkyl sulfide add, aryl 
sulf ni^acid. alkyl thiol carboxylic acid, aryl thiol 
, ■ „ ( h alkvl thiol thiocarboxylic acid, aryl 
rhrroc^xyiracid, alkyl carboxylic acid (such as 
0 acetic acid, trif luoroacetic acid, oxalic acid) . aryl 
carLylic acid (such as benzoic acid. phthalic add) . 
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urea, alkyl urea, aryl urea, alkyl aryl urea, thiourea, 
alkyl thiourea, aryl thiourea, alkyl aryl thiourea, 
sulfate, sulfite, bisulfate, bisulfite, thiosulfate, 
thiosultite, hydrosulfite. alkyl phosphine, aryl 
phosphine. alkyl phosphine oxide, aryl phosphine oxide _ 
alkyl aryl phosphine oxide, alkyl phosphine sulfide aryl 
phosphine sulfide, alkyl aryl phosphine sulfide, alkyl 
phos P honic aoid. aryl phosphonic aoid. alkyl »*o*h»" 
acid aryl phosphinic aoid. alkyl phosphxnous aoid. aryl 
phosphinous acid, phosphate, thiophosphate . phosphite, 
pyrophosphite, triphosphate, hydrogen phosphate, 
dlhydrogen phosphate, alkyl guanidino. aryl ^,uo 
alkyl aryl guanidino. alkyl carbamate, aryl carbamate, 
alkyl aryl carbamate, alkyl thiocarbamate aryl 
thiocarbamate, alkyl aryl thiocarbamate, alkyl 
dithiocarbamate. aryl dithiocarbamate. alkyl aryl 
dithiocarbamate, bicarbonate, carbonate, perchlorate 
chlorate, chlorite, hypochlorite, perbromate, bromate. 
bromite. hypobromite, tetrahalomanganate , 
tetrafluoroborate, hexaf luorophosphate, 

nexafluoroantimonate. hypophosphite. iodate. penodate, 
metaborate. tetraaryl borate, tetra alkyl 
tartrate, salicylate, succinate, citrate 
; saccnarinate. amino acid, hydroxamic acid, thiotosylate. 
and anions of ion exchange resins. 

173 The process of claim 170 wherein the non- 
pr oteinaoeous catalyst for the dismutation of -P"°« de 
L selected from the group consisting of Compounds 1-34 

of Table 1 - 

1*4 The process of claim 170 wherein the non- 
proteinaoeous catalyst for the dismutation of superox.de 
is selected from the group consisting of Compounds 16, 



27, 38 



, 40, 42, 43, 51, 52, 53, and 54 of Table 1. 
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175 The process of claim 171, 172, 173, or 174 
wherein the non-proteinaceous catalyst is present at a 
concentration of about 0.001 to about 25 weight percent. 

176 The process of claim 171, 172, 173, or 174 
wherein the non-proteinaceous catalyst is present at a 
concentration of about 0.01 to about 10 weight percent. 

177 The process of . claim 171, 172, 173, or 174 
wherein the non-proteinaceous catalyst is present at a 
concentration of about 0.05 to about 5 weight percent. 

178 The process of claim 139 wherein the 
unmodified biomaterial is a composite material comprising 
a relatively inelastic phase selected from the group 
consisting of: carbon, hydroxy apatite, tricalcxum 

5 phosphate, silicates, ceramics, and metals, and a 
relatively elastic phase selected from the group 
consisting of: polymers and biopolymers. 

179 The process of claim 178 wherein the non- 
proteinaceous catalyst for the dismutation of 
Is selected from the group consisting of manganese (II) 
pentaaza complexes, manganese (111) pentaaza complexes, 
5 iron (ID pentaaza complexes, iron(III) pentaaza 

complexes, manganese (II) salen complexes, manganese 
(III) salen complexes, iron (II) salen complexes, 
ron(III) salen complexes, manganese (II) porphyrin 
complexes, manganese (III) porphyrin compl 
10 porphyrin complexes, and iron(III) porphyrxn complexes. 
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180. The process of claim 178 wherein the non- 
proteinaceous catalyst for the dismutation of superoxide 
is selected from the group consisting of manganese and 
iron chelates of pentaazacyclopentadecane compounds, 
which are represented by the following formula: 



10 



15 



20 




wherein M is a cation of a transition metal, preferably 
manganese or iron; wherein R, R' , Rp R 'i» R 2' R, 2> R 3» 

R',, R 4 , R\, R 5 , R's, R 6 ' R'6' R 7' R '7' R 8' R '»' R *' aIld R ' 9 

independently represent hydrogen, or substituted or 
unsubstituted alkyl, alkenyl, alkynyl, cycloalkyl, 
cycloalkenyl , cycloalkylalkyl , cycloalkyl cycloalkyl , 
cycloalkenylalkyl, alkylcycloalkyl, alkylcycloalkenyl , 
alkenylcycloalkyl, alkenyl cycloalkenyl, heterocyclic, 
aryl and aralkyl radicals; R x or R' i and R 2 or R' 2 , R 3 or 
R' 3 and R 4 or R'„, R s or R' s and R 6 or R' 6 , R 7 or R' 7 and R 8 
or R' 8 , and R 9 or R' 9 and R or R' together with the carbon 
atoms to which they are attached independently form a 
substituted or unsubstituted, saturated, partially 
saturated or unsaturated cyclic or heterocyclic having 3 
to 2 0 carbon atoms; R or R' and R x or R\, R 2 or R' 2 and R- 



or R' 



3 ' 



R 4 or R' 4 and 



Rc or R' 



s ' 



R fi or R's and R, or R' 



7 / 



and 



# 
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r or R' e and R, or R' 9 together with the carbon atoms to 
which they are attached independently form a substituted 
or unsubstituted nitrogen containing heterocycle having 2 
to 20 carbon atoms, provided that when the nitrogen 
containing heterocycle is an aromatic heterocycle which 
aoes not contain a hydrogen attached to the nitrogen, the 
"ydrogen attached to the nitrogen as shown in the above 
formuL. which nitrogen is also in the macrocyclic ligand 
or complex, and the R groups attached to the included 
carbon atoms of the macrocycle are absent ; R and R . R, 
and RV Rj and »•„ R, and R'„ R, and R-«. R 5 and R s . R, 
and R. . R, and R-„ R, and R-.. and R, - »^ t6 » 
with the carbon atom to which they are attached 

- Independently form a saturated, partially saturated, or 

- ::::::::: Ui. ~ — = r 2 v a r 

atoms; and one of R, R' , Rw *>■ 21 *«' **' 

a different one of R. *■ . * "^J^ is 

n p ' R c , R' s , R 6 / R's' R " R " Ra ' R 8 ' 9 ' 

0 Cached t: a different carbon atom in the = - " 

ligand may be bound to form a strap represented by 

formula 

- (CH 2 ) X -M- (CH 2 )„-L- (CH 2 ) Z -I- (CH 2 ) y - 

v v and z independently are integers from 0 
45 r"-* . -- -ependently selected from the 
group consisting of alkyl. alKenyl. alkynyl. aryl 
cycloalkyl. heteroaryl,- alkaryl. alkheteroaryl . aza. 
amide, ammonium, oxa, thia. sultonyl. sulfinyl. 
50 sulfonamide, phosphoryl. phosphinyl. phosphino 

phosphonium. -to. ester, alcohol, carbamate urea 
thiocarbonyl. borates, boranes, boraza. « 1 ^'" l0 " y ' 
silaza and combinations thereof; and combinations 

thereof ; 



• 
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and wherein X, Y and Z are independently selected 
from the group consisting of halide, oxo. aquo, hydroxo, 
alcohol, phenol, dioxygen, peroxo, hydroperoxo, 
alkylperoxo. arylperoxo. ammonia, alkylamino, arylamino. 
heterocycloalkyl amino, heterocycloaryl amino, amine 
oxides, hydrazine, alkyl hydrazine, aryl hydrazine, 
nitric oxide, cyanide, cyanate, thiocyanate. isocyanate, 
isothiocyanate. alkyl nitrile, aryl nitrile, alkyl 
^onitrile, aryl isonitrile, nitrate, nitrite, azido, 
alky 1 ^i^id. aryl sulfonic acid, alkyl sulfoxide, 
aryl sulfoxide, alkyl aryl sulfoxide, alkyl sulfenic 
acid, aryl sulfenic acid, alkyl sulfinic acid, aryl 
sulfinic acid, alkyl thiol carboxylic acid, aryl thiol 
carboxylic acid, alkyl thiol thiocarboxyHc acid, aryl 
thiol Liocarboxylic acid, alkyl carboxylic acid (such as 
acetic acid, trif luoroacetic acid, oxalic acid) . aryl 
carboxylic acid (such as benzoic acid, phthalic acid) , 
"e^lkyl urea, aryl urea, alkyl aryl urea thiourea, 
alkyl thiourea, aryl thiourea, alkyl aryl thiourea, 
sulfate, sulfite, bisulfate. bisulfite, thiosulfate. 
thiosulfite, hydrosulfite, alkyl phosphine. aryl 
pnosphine. alkyl phosphine oxide, aryl phosphin, , oxide ^ 
alkyl aryl Phosphine oxide, alkyl "£ fl *' J** 

phosphine sulfide, alkyl aryl phosphine sulfide, alkyl 
Sonic acid, aryl phosphonic acid, alkyl V^^c 
, Lid aryl phosphinic acid, alkyl phosphinous acid aryl 
Xsphinous acid, phosphate; tniophosphate . phosphite . 
pyrophosphite. triphosphate, hydrogen phosphate, 
dlhydrogen phosphate, alkyl guanidino, aryl guanidino, 
al K yl aryl guanidino. alkyl carbamate, aryl carbamate, 
5 alkyl aryl carbamate, alkyl thiocarbamate aryl 
thiocarbamate. alkyl aryl thiocarbamate, alkyl 
dithiocarbamate. aryl dithiocarbamate, alkyl aryl 
dithiocarbamate. bicarbonate, carbonate, perchlorate 
chlorate, chlorite, hypochlorite, perbromate. bromate. 
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bromite, hypobromite, tetrahalomanganate, 
tetraf luoroborate , hexaf luorophosphate , 

hexafluoroantimonate, hypophosphite, iodate, periodate, 
metaborate, tetraaryl borate, tetra alkyl borate, 
tartrate, salicylate, succinate, citrate, ascorbate, 
saccharinate, amino acid, hydroxamic acid, thiotosylate, 
and anions of ion exchange resins. 

181 The process of claim 178 wherein the non- 
proteinaceous catalyst for the dismutation of superoxide 
is selected from the group consisting of Compounds 1-54 
of Table 1 - 

182 The process o£ claim 178 wherein the non- 
proteinaceous catalyst for the dismutation of superoxide 
is selected from the group consisting of Compounds 16, 
27, 38, 40, 42, 43, 51, 52, 53, and 54 of Table 1. 

183 The process of claim 179, 180, 181, or 182 
wherein the non-proteinaceous catalyst is present at a 
concentration of about 0.001 to about 25 weight percent. 

184 The process of claim 179, 180, 181, or 182 
wherein the non-proteinaceous catalyst is present at a 
concentration of about 0.01 to about 10 weight percent. 

185 The process of claim 179, 180, 181, or 182 
wherein the non-proteinaceous catalyst is present at a 
concentration of about 0.05 to about 5 weight percent. 

186 A biomaterial modified by a combination of 
methods selected from the group consisting of 'he method 
of claim 64, the method of claim 120, and the method of 
claim 139. 
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187 A biocompatible article comprising a 
biomaterial modified with at least one non-proteinaceous 
catalyst for the dismutation of superoxide or a ligand 
precursor of a non-proteinaceous catalyst for the 
dismutation of superoxide, wherein said catalyst or 
ligand precursor is presented on a surface of said 
article . 

188 The biocompatible article of claim 187 wherein 
at least a ^.iono ^the article comprl sj^ the modified 
biomaterial i^dfinplanted within a mammal-- 

189. The biocompltible^article of claim 187 wherein 
said surface is exposed to biological fluids. 

190 The biocompatible article of claim 187 further 
comprising at least one other biomaterial modified with 
at least one non-proteinaceous catalyst for the 
dismutation of superoxide or a ligand precursor of a non- 
proteinaceous catalyst for the dismutation of superoxide. 

191 The biocompatible article of claim 187, 
wherein the article is a_stent, and the modified 
biomaterial is a metal. 

192 The biocompatible article of claim 187, 
wherein the article is a nerve growth channel, and the 
modified biomaterial is a hyaluronic acid ester. 

— f 193 The biocompatible article of claim 187,, 

L • t-v^ article is a.w6veiryascular graft, and the 
wherein the article is> ( ^ 

modified biomaterial is a-^Slymer. 

O 194 The biocompatible article of claim 190, 
wherein the article is a cardiac stimulator lead wire, 
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and wherein one modified biomaterial is a metal and one 
other modified biomaterial is a polymer. 

195. A process for making a bisimine intermediate 
in the synthesis of a transition metal chelated 
pentaazacyclopentadecane complex having superoxide 
dismutating activity, said intermediate being represented 
5 by the following formula: 




wherein M is a cation of a transition metal, preferably 
manganese or iron; wherein R 2 , R 3 , R' 3 , **. Rs.-R's. 
R 6 , R' 6 , R 7 , RS. Re, R'.. *>< R ". and R " independently 

represent hydrogen, or substituted or unsubstituted 

10 alkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl, 

cycloalkylalkyl, cycloalkylcycloalkyl , cycloalkenylalkyl , 
alkylcycloalkyl, alkylcycloalkenyl , alkenylcycloalkyl , 
alkenyl cycloalkenyl, heterocyclic, aryl and aralkyl 
radicals; R 3 or R' a and R 4 or R' 4 , R s or R' s and R 6 or R' 6 , 

15 R 7 or R' 7 and R 9 or R'.. together with the carbon atoms to 
which they are attached independently form a substituted 
or unsubstituted, saturated, partially saturated or 
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unsaturated cyclic or heterocyclic having 3 to 20 carbon 
atoms; R 2 or and R 3 or R' 3 , R< or R\ and R s or R' s , R 6 or 
R', and R 7 or R' 7 , and R 8 or R' 8 and R 9 together with the 
carbon atoms to which they are attached independently 
form a substituted or unsubstituted nitrogen containing 
heterocycle having 2 to 20 carbon atoms, provided that 
when the nitrogen containing heterocycle is an aromatic 
heterocycle which does not contain a hydrogen attached to 
the nitrogen, the hydrogen attached to the nitrogen as 
shown in the above formula, which nitrogen is also in the 
macrocyclic ligand or complex, and the R groups attached 
to the included carbon atoms of the macrocycle are 
absent; R 2 , R 3 and R' 3 , R 4 and R\, R 5 and R' f , R 6 and R' 6 , 
R 7 and R'„ R 8 and R' e , and R 9 , together with the carbon 
atom to which they are attached independently form a 
saturated, partially saturated, or unsaturated cyclic or 
heterocyclic having 3 to 20 carbon atoms; and one of R 2 , 

R 3 , R' 3 , R 4 , R'«, R 5 < R's< *6< R " *'■>•'*•' R '<" andR ^ 

together with a different one of R 2 , R' 2 , Rj, R' 3 < R *> R '«' 

R 5 , R' 5 , R.. R'.. *t R '- R '" R " and WhiCh ±S attached 
to a different carbon atom in the macrocyclic ligand may 
be bound to form a strap represented by the formula 

- (CH 2 ) X -M- (CH 2 ) W -L- (CH 2 ) Z -I- (CH 2 ) y - 

wherein w, x, y and z independently are integers from 0 
to 10 and M, L and J are independently selected from the 
group consisting of alkyl, alkenyl, alkynyl, aryl, 
cycloalkyl, heteroaryl, alkaryl, alkheteroaryl , aza, 
amide, ammonium, oxa, thia, sulfonyl, sulfinyl, 
sulfonamide, phosphoryl, phosphinyl, phosphino, 
phosphonium, keto, ester, alcohol, carbamate, urea, 
thiocarbonyl , borates, boranes, boraza, silyl, siloxy, 
silaza and combinations thereof; and combinations 
thereof ; 
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and wherein X, Y and Z are independently selected 
from the group consisting of halide, oxo, aquo, hydroxo, 
alcohol, phenol, dioxygen, peroxo, hydroperoxo, 
alkylperoxo, arylperoxo, ammonia, alkylamino, arylammo, 
heterocycloalkyl amino, heterocycloaryl amino, amine 
oxides, hydrazine, alkyl hydrazine, aryl hydrazine, 
nitric oxide, cyanide, cyanate, thiocyanate, isocyanate, 
isothiocyanate, alkyl nitrile, aryl nitrile, alkyl 
isonitrile, aryl isonitrile, nitrate, nitrite, 
alkyl sulfonic acid, aryl sulfonic acid, alkyl sulfoxide, 
aryl sulfoxide, alkyl aryl sulfoxide, alkyl sulfenic 
acid aryl sulfenic acid, alkyl sulfinic acid, aryl 
sulfonic acid, alkyl thiol carboxylic acid, aryl thiol 
carboxylic acid, alkyl thiol thiocarboxylic acid, aryl 
thiol thiocarboxylic acid, alkyl carboxylic acid (such as 
acetic acid, trif luoroacetic acid, oxalic acid) , aryl 
carboxylic acid (such as benzoic acid, phthalic acid) , 
urea, alkyl urea, aryl urea, alkyl aryl urea, thiourea, 
alkyl thiourea, aryl thiourea, alkyl aryl thiourea, 
sulfate, sulfite, bisulfate, bisulfite, thiosulfate, 
thiosulfite, hydrosulfite, alkyl phosphine, aryl 
phosphine, alkyl phosphine oxide, aryl phosphine oxide, 
alkyl aryl phosphine oxide, alkyl phosphine sulfide, aryl 
phosphine sulfide, alkyl aryl phosphine sulfide, alkyl 
phosphonic acid, aryl phosphonic acid, alkyl phosphimc 
acid aryl phosphinic acid, alkyl phosphinous acid, aryl 
phosphinous acid, phosphate, thiophosphate , phosphite, 
pyrophosphite, triphosphate, hydrogen phosphate, 
dihydrogen phosphate, alkyl guanidino, aryl guanidino, 
alkyl aryl guanidino, alkyl carbamate, aryl carbamate, 
alkyl aryl carbamate, alkyl thiocarbamate aryl 
thiocarbamate, alkyl aryl thiocarbamate, alkyl 
di thiocarbamate, aryl di thiocarbamate, alkyl aryl 
di thiocarbamate, bicarbonate, carbonate, perchlorate, 
i chlorate, chlorite, hypochlorite, perbromate, bromate, 
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bromite, hypobromite, tetrahalomanganate , 
tetraf luoroborate , hexaf luorophosphate , 

hexafluoroantimonate, hypophosphite, iodate, periodate, 
metaborate, tetraaryl borate, tetra alkyl borate, 
tartrate, salicylate, succinate, citrate, ascorbate, 
saccharide, amino acid, hydroxamic acid, thiotosylate, 
and anions of ion exchange resins; 

said process comprising combining a 2,6 dicarbonyl 
substituted pyridine, which is represented by the 

following formula: 





and a transition metal ion, under basic conditions 

. j ^ -> fi Hicarbonvl substituted 

whereby the tetraamme and the 2,6 dicaroony 
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are cyclized around the transition metal ion to 
."i^i- chelated with the transition metal ion. 

19S A process for making a transition metal 
related' pentaazacyclodecane complex catalyst for the 
disputation of superoxide comprising reducing a b ™ 
Educed by the process of claim !9S with am™ 
formate in the presence of a palladia, catalyst. 
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